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In this Issue: 


BASIC PRINCIPLES 
OF COLOR APPLICATION 


The high mechanical properties re- 
quired for this large drive shaft were 
specified by Westinghouse Electric 
Co., Inc., suppliers of the wind tunnel 
motor and auxiliary equipment. 

To meet the specifications, a Nickel- 
molybdenum steel was selected. 


Significant are test results on bars 


TRE INTERNATIONAL NICKEL COMPANY, INC. E: 


ve shaft in 
wind tunnel 


Tbe 16 incb diameter, 90-ft. sbaft 
in the fore ground connects a 40,000 
H.P. Westinghouse motor with two 
40-ft. fans which duplicate today’s 
terrific airspeeds in the mighty 
wind tunnel, 


from prolongations of the forgings, 


after normalizing and tempering:— 


Ultimate tensile strength... .117,500 p.s.i. 
Yield Point 
Elongation in 2”.... 


Reduction in Area... 
We invite inquiries on the uses and 
selection of Nickel allo: steels, and 


other Nickel alloys. 
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IHE FACT that human reactions van 
neasurably with changes of color and color 
mbinations, and that desirable optical ill 
ms can be pro luced with colo I F 
zed by evervone from his own xpericn 
Camouflage is perhaps the most advance 
t or science of color ipplication Color 
pro lu 
equipment, and machinery reflects the skill 


tvling in Consumer transportation 


f experts to obtain design advantage 
Investigation has shown conclusively that 
properly selected colors in relieve eve 
fatigue, improve visibility, produce desirable 
ptical illusions in dimension, move object 


ward or away from the observer, hide 


attractive features, or change the apparent 
veight or size of an object. Color will even 
hange the apparent temperature of a room 


The science of applying color combina 


$ 


ns to accomplish these definite and 
valuable results, referred to as color dy 
namics, can be used to improve operator's 


omfort, safety and efficiency, stimulate 


sales of products, or improve living o 
working conditions in many other ways. It 
is significant that color dynamics started 


is "color therapy" applied in hospitals and 
to hospital furnishings because those who 
are ill are often more sensitive to the 
effects of all kinds of stimuli, including 
that of color. 
he principles of color dynamics were in 
troduced after intensive experimentation on 
machinery and plants with tests incorporat 
ing the discoveries of research on vision, 
and color-light fields. In the cours 
of ‘he experimental phase of the develop 
ment, certain terms came into frequent 
J | describe the effects obtained with 
C In this terminology are such phrasc 
1 il color, receding color, and eve-rest 
C defined as follows 


F L Conor. A color that focuses atten 
tie arrests the eye, and reduces unneces 
Sa 've travel. It should be selected to 
contrast with both the colors of work and 
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ackeround readi vith enough life | large percentage o 
woid drabn t. When indirect lig 
vith high reflectan 
REST COLO! \ x that avoids con 
s ; 1! nended for ings. ( 
in geht int t tw | work and 
+} tor tr ffic l h | 
inding isua va ind thereb 
| mstant and tiring eye adjustments All of these definiti 
effect on vision illustrated in the ible variation in ok 
Hah] ! 
mt visibility on entering a motion certain controliaDie qua 
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Color Engineer, Pittsburgh Plate Glass Company 


trame t nould have a light pictul theat 
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their relation to other colors determine fa from which light is reflected and the 
the effects described effects. of different. colors and. color com 
In essen the scientific use of color binations. Hundreds of tests established the 
sed upon principles somewhat similar to fact that a properly chosen color plan can 
unouflage, but opposite in purpose. A test ud illumination in three wavs: by reflection, 
that shows the importance of proper light liffusion, and selective absorption of light 


ing and color to vision compares the vis Research on color, light and vision reveal 
itv of a black thread on white cloth with that green is the most restful of all colors 
that of a white thread on black cloth. One under un type ot illumination Lhe colors 
foot-candle of light makes the white thread that m | identified most readily are 
sib vhile more than 2,000 foot-candles yellow, orange and blue, with orange the 
ire req | for equal visibility of the b ick most attention arresting 
thread Tests show that the most legible colo: 
[his test has many parallels of lowe ombination, although not always the most 
n industrie that are not color satisfactori black on vellow, followed in 
ISCI p t irly ı machine shops order bv green on white blue on white 
vhere the gra of the metal work blends ind then white on black \lthough white 
vith that of the machine and with the on black is theroretically ideal, the m 
era paint ommonlv used on machines nation proves. unsatistactorv in. strong 
Wh th ondition exists operators ma\ light because the high reflection of white 
not clearly distinguish between machine and. tends to blur vision 
vork, thu p oducing unnecessarily strain Although artificial lighting lacks some of 
nuscles and ne Furthermore, the lors in the sun’s spectrum and gives 
man thes¢ hop iso have a similar off th st in different. proportions, com 
hade of iv on the walls so that operators mon types do not seriously interfere with 
Xam ) ief when thev lift their eves color. Paint pigments that reflect the pic 
Wh facto valls are painted white lominating colors in. the. artificial. light 
h npact on th € causes a jarring of TIT ire. strengthened under that light 
ic ner ill of the wave lengths in. Other colors are affected in. much. the same 
iC sun pectrum a reflected into the manner as by adding a small amount of 
th narrowing the pupil so that the that pigment color to the color Thus, 
vi suffi it light momentaril mplementary colors will be most weak 
vhen again focused on the less luminous ened 
rk White, once considered the best color fo 
M th ht \ n to the sur fast work and good lighting, causes a varving 
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CHARACTERISTICS OF PRIMARY AND SECONDARY COLORS OF THE VISIBLE 
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degree of glare which hastens eve fatigue 
ind resultant body tireness. An example of 
the acute fatigue that can be caused by 
vorking with white on white was found 


in the fabrication of parachutes. Girl work 


ers fainted from dizziness after closel 
vatching and guiding the glossv white Ns 
lon being stitched by a steel needle. Sub 


stitution of 


piece for contrast solved the problem. 


Checks When Specifying Color 


l. Effects of artificial lighting. Since 


olor results from selective reflection of cer 


in colors in the light source, the apparent 


lors of painted walls, ceilings, machines 


equipment are influenced bv the 


intensity and proportions of colors in an 


irtificial light. source... In. general, colors 


omplementary to the predominant color 
in a given artificial light source should be 


ivoided because of the graving effect. Thus 


+} 
the violet range is the complement of the 
predominant yellow in incandescent lig 


Incandescent light interferes very sligitlh 


vith color selection. Mercury-vapor light 
iffects colors more than other artificial 
lighting. Colors should be selected ler 
this light, then matched in daylight. Incan 
descent and = mercury-vapor lighting ar 


sometimes combined to minimize diffi ult 


with lighting, ava’ able 
in different 


] 
to fit the general 


color. Fluorescent 
color effects, should be s tea 


1 
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ı black needle and black “foot” 





2. Glare. Mirror-like surfaces with high tion, often the primary consideration in Simple Experiments Showing 


polish or smooth surfaces that do ni clecting paint, is romised in color 


| Reactions to Color 
diffuse reflected light v produce ve election. Color 


'IVC COTTOSION 


strain Choice | weel r| SS Til I t C inst numerous OTTOSI\ on 


ight-diffusing — flat » depei ditions or agai unusually severe wear 


rvice conditions onditions a! vailabl Proper paint 


3. Safety Attention-ari J colors lection for ser\ onditions will mi 


hould be used on such equipment as over maintenance 


1 


head conveyors, obstacles to be a d, 7. Wear and grime. The valu 


rane hooks, moving bins, trucks, as well lerived from an engineered ipplication 


is on or around safety quipment, suci y paint color should be guarded against wear green 
| g 
1 I 


electric stop switches ind grime and € high bv regular main OLOT 


1 1 ) ç 
t. Eve weaknesses No color ippli ition tenance chedi [ inspection, caning DONXCS 


I $ 
in compensate for inadequate vision. If ind repainting rkmen tend to oopera 


olor vision is defective. the workman should vhen the le f appearance is high enough 

be doing work that does not requirc olor tO I SSTIESS produce obvious dis 

listinction. Other eve deficiencies should rd. >] neatiol f maintenance sched 

ilso be detected and corrected part of ti est planned color 
5. Color distraction. Over appli 

ittention-arresting color where 

1eeded on machines may be distr 

nachine operators. For example 

and controls that ar 

isual attention may 


ainted W th 


6. Surta 


In this apple-peeling machine, orange color is used to improve visibility on the counting de- 
vices, since the numbers are black. The power cut-off box is also orange. The feed receptacle 
is painted yellow, providing good visibility and contrast to the black of the machine. 
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Fig. |—The typical microstructure of Ni-Resist compared with gray iron. (A) Graphite distribution. (B) Shows 
basic austenite structure—similar to the structure of 18-8 stainless steel—plus graphite streaks and islands 
of carbide. (C) Graphite distribution in gray iron. (D) Gray iron showing pearlite as in steel, plus graphite flakes. 
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Some High Nickel Alloy Irons 


F. G. SEFING 


Development and Research Division, The International Nickel Company 





The industrial uses of seven types of high nickel and nickel copper alloys, known 
as Ni-Resist, are discussed and illustrated, and the chemical, physical and mechani- 
cal properties of the alloys are presented and compared. Microphotographs of the 
metal structure and curves showing the coefficients of expansion are included. 


SINCE introduction in 1928, the high given in Table I. The typical structure of | and from more careful foundry techniqu 
nickel and nickel copper cast irons, known Ni Resist is shown in the microphotographs lype 2-B contains more chromium tha! 
v the trademark Ni Resist, registered U. S Fig. 1(A) and 1(B The microstructure lvpes 2 and 2-A. It is a better heat re 
Patent Office, have been adopted by the — of grav iron is shown in Fig. 1(C) and ing alloy, which property is obtained at 
food, soap, petroleum, marine, textile, ele D) for comparison sacrifice in machinability 
trical, paper and. chemical. industries [ype 1-A and 2-A differ mainly from The selection of the alloy best suited t 
Seven types of Ni-Resist are commercially [ypes 1 and 2, respectively, in that they the requirements of a product being design | 
wailable; namely, Types 1, 1-A, 2, 2-A, 2-B, show an increase in strength as shown in is based on the mechanical and ph 
t and 5. The chemical compositions ar lable II, resulting from the addition of steel properties of the different types In 








Table I—Composition Range of Ni-Resist 


Tvpe 4, 

| Type 2-B, Heat and stain 

| Type 1-A, Type 2 Type 2-A, Heat Type 3, resisting vp 
Name | Type 1 High Strength 20 percent Ni High Strength resisting 30 percent Ni (30-5-6 Minvar 

l l (2 2 

Total Carbon | 3.00 Max 2.80 Max 3.00 Max 2.80 Max. 3.00 Max. 2.75 Max. 2.60 Max. 2.40 ! 
Silicon 1.00-2.50 1.50-2.75 1 00-2.50 1.50-2.75 1.00-2.50 1.00-2.00 5.5-6.5 1.00 0 
Manganese 1.00-1.50 1.00-1 50 0 80-1 50 0.80-1.50 0.80-1.50 0.40-0.80 0.40-0.80 0.400 50 
Nickel 13.50-17.50 13.50-17.50 18.00-22.00 18.00-22.00 18.00-22.00 28.00-32.00 29 00-32.00 34.00 A 
Copper 5 . 50-7 . 50 5.50-7.50 0.50 Max 0.50 Max. 0.50 Max. 0.50 Max. 0.50 Max. 0.50 
Chromium 1.75-2.50 1.75-2.50 1.75-2.50 1.75-2.50 3.00-6.00 (3) 2.50-3.50 t. 5-5.5 0.10 


(1) Where the presence of copper offers corrosion resistance advantages, Types 1 and 1-A are recommended. 


2) For handling caustics, food, etc., where copper contamination cannot be tolerated, Types 2 and 2-A are recommended 


Where some machining is required, the 3.0 to 4.0 chromium level is recommended 


— 
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Table Il—Mechanical Properties of Ni-Resist 








4 | Types 1-A Type 4, ] 
X E Type 2, and 2-A, ['v pe 2-B, Type 3, Stain resisting Type 5, 
& l'vpe 1 20 percent Ni High strength Heat resistant 30 percent Ni 30-5-6 Minvar 
AK Tensile strength, lb. per sq. in. 
Y J a a a ren 25 to 30 25 to 30 30 to 50 25 to 45 25 to 35 20 20 to 25 
—X 
= Compressive strength, lb. per sq | 
SD in. in thousands......... 100 to 120 100 to 120 120 to 160 130 to 160 100 to 130 SO 80 to 100 
X 
bos Torsional strength, lb. per sq. in.| 
> In UIMSRUM. rores e rs | 35 ro 40 35 to 40 40 to 60 £5 to 60 35 to 45 29 30 to 35 
E | 
Ry Torsional modulus, Ib. per sq. in. 
x BEEN oeccoschoeuséses | 4.5 4.5 5.2 5.5 5.0 4.0 4.5 
ax. , 
"E p - | 
0x r *Modulus of elasticity, lb. per sq.| 
S EO O T 1? to 14 0 15 to 16.2 16 to 16.9 15 to 16.5 15 to 15 15.0 10.5 
| 
Permanent set point, lb. per sq.| 
B dde baia c FOR RE ORA | 3,000 3.000 6,000 
Transverse strength, 
load, Ib. LER SOLE ERO IU CR 2,000 to 2,200 2.000 to 2,200 2,200 to 3000 2,400 to 2,800 2,000 to 2,400 1,800 1,800 to 2,000 
—— 0.3-0 6 0.03-0 ¢ 0 5-0.9 0.2-0.4 0.5-1.0 0.3-0.6 0.5-1.0 
Vibration damping capacity High High High Medium High Medium High 
Endurance limit, Ib per sq. in.. 12,000 12,000 15-20,000 18,000 13,500 9.000 9,900 
Hardness Brinell... i 130 to 160 130 to 160 145 to 185 170 to 250 120 to 150 150 100 to 125 
! Toughness by impact. ft.-lb... 100 100 150 60 150 80 150 
Pattern shrinkage, in. per ft. 3/16 to 1/4 3/16 to 1/4 3/16 to 1/4 3/16 to 1/4 3/16 to 1/4 3/16 to 1/4 
Machinibility............... Good Good Good Very poor? Good Good Good 
* At 25 percent of tensile strength 
! 1.2 arbitration bar unnotched — struck 5 in. above supports 
2 Wirth 3.0-4 0 percent chromium the machinability is fair 
Table IlI—Physical Properties of Ni-Resist 
[vpe 4, 
[ype 2, [ype 2-A, Type 2-B, [ype 3 Stain l 
20 percent High Heat 30 percent resisting lype 
[ype 1 Type 1-A Ni strength resisting Ni 30-5-6 Minvar 
Specific gravit per C.¢ Ea 1.33 7.3 1.35 7 7 7 4 7.4 
Densitv, lb. per cu. in 0.264 0 26i 0 264 0.266 0 268 0 265 0.268 0.268 
Melting point. deg. F. 2.230 2 300 ? 350 2.300 2.300 2.230 2 200 2.250 
Thermal expansion (70 to 400 deg. ! 
(millionths per deg. F 10.7 10.7 10 4 10 4 10.4 2 ).4 
(millionths per deg. € 19 19 18.7 18.7 18.7 ) 15.9 ( 
l'hermal conductivity, Cal. per C.C. per 
sec. per deg. C. 0 095 0 095 ) 09 0.095 0.095 0 O94 0 090 0.094 
Electrical resistivity, microhms per C.C 140 140 170 170 160 
‘| emperature coe theient of electrical re 
- sistance at 70 to 800 deg. F Q 0001769 
Magnetic response non- non non non- magnetic magnetic slightly magnetic 
magnetic magnetic magnetic magnetic magnetic 
oduct corrosion resistance to caustic soda those applications, will help the designer in with sulfuric acid. The heads and body of 
nay be paramount; in another, a low co- choosing a suitable type for other appli- rotary stripper pumps for marine service are 
efficient of thermal expansion may be essen- cations. often made of Ni-Resist. 
| tial; in a third a non-staining or a non- Pistons, piston rings, cylinder liners, bear- 
ntaminating property may be important; ‘Type | is used interchangeably with Type 2 ing and glands of engines and compressors 
' id in still another a non-magnetic alloy may for pipes, the pistons, piston rings, valves are also made of Type 1. The alloy ‘n metal 
required. and cylinder liners of pumps, and for other to metal contact wears well without scoring 
The mechanical and physical properties of equipment that conveys liquids and chemical or galling. Its resistance to both corrosion 
| the types are given in Tables II and III. solutions at more or less constant temera- and erosion are high. 
Some applications of the different types, tures, up to 750 deg. F. Type 1 is the 
ong with reasons for using the types in preferred chemical composition for contact ‘Type 1-A is used where an alloy of higher 
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Fig. 2—A filter press used in the manufacture of soap. The plates and 
frames are Type 2 Ni-Resist to inhibit corrosion in the caustic and 
fatty acid solutions and to prevent discoloration of the soap products. 





Table IV—Typical Properties at Elevated Temperatures 


Temperature Limits 


Ni-Resist with 1.75 to 3.00 percent Cr.... 1.300 deg. F 

Ni-Resist with 3.50 to 6.00 percent Cr 1.500 deg. F 
*Tensile strength at 700 deg. F., lb. per sq. in. 25,000 to 40,000 
“Tensile strength at 1000 deg. F., Ib. per sq. in 15.000 to 25,000 
*Tensile strength at 1500 deg. F., lb. per sq. in 6.200 to 12.000 
*Compressive strength at 700 deg. F., lb. per sq. in 100,000 to 140,000 
Compressive strength at 1000 deg. F., Ib. per sq. in. 25,000 to 50,000 
*Compressive strength at 1500 deg. F., Ib. per sq. in 6,200 to 12,000 
Creep stress at 800 deg. F., lb. per sq. in 14,000 
Creep stress at 950 deg. I lb. per sq. in. 9.000 
Growth in steam at 900 deg. F.: 

Volume increase of Ni-Resist, percent in 1,000 hr. 0.18 

Volume increase of grey cast iron, percent in 1,000 hr 2.30 

\pproximate linear increase of Ni- Resist, in. per in. per 1.000 hr 0.00045 

Approximate linear increase of grev cast iron, in. per in. per 1.000 hi 0.00600 
Growth in oxidizing CO» atmosphere at 1,500 deg. | 

Advantage of Ni-Resist over grev cast iron 12-1 
Scaling in oxidizing atmosphere at 1.500 deg. | 

Advantage of Ni-Resist over ere cast iron 4-1 to 10-1 


* Short tıme tests 


0.1 percent creep in 1,000 hr. 





ngth than that of Type 1 is required ferred for high temperature steam machinery 
Kinds of equipment that use this type are ind for equipment to handle caustic, alkalies, 
high pressure pumps, closed feed-water ammoniacal solutions, foods. ravon and plas 
heaters, hvdrau ontrol systems and heat tics where copper contamination is to be 
exchangers ic. wearing qualitv and the avoided. The plates and frames of the soap 
n tance of Tvpes 1 and 1-A are press, Fig. 2 are Type 2 alloy his type 

the \ is also suitable for metal to metal wear appli 

cations 

lyre 2 is often interchangeable with Type 1 [his type is used also in furnaces in tube 
xcept in the few applications where the supports, firebox castings, dampers, feed 
th copper content of the latter provides water heaters, evaporators, economizers, 
etter corrosion resistance. Type 2 is pre ejectors and similar power plant equipment. 





In 


1,300 deg. F. are recommended but oper 


this kind of service temperatures up to 


ation at temperatures as high as 1,500 deg. 
F. has been satisfactory. 


lvPE 2-A is used in the same kind of service 
as Tvpe 2 but where greater strength and 
maximum density are required. Its corrosion 
resistance and wearing qualities are compar 
able with those of Type 2 and the othe: 
low strength types of Ni-Resist. 


Type 2-B is especially recommended fo 
parts such as firebox castings and damper 
in furnaces where temperatures up to 1,500 
deg. F. are commonplace. Parts with a 
chromium content between three and four 
percent can be machined; parts with more 
than four percent cannot. The Brinell 
hardness of this type is greater than the 
hardness of all the others (Table II) thereby 
giving Type 2-B good resistance to abrasive 
wear. It is not suited for metal to metal 
wear. 


Type 3 (30 percent Ni) is recommended for 
applications where temperatures suddenly 
change from room temperature to as high as 
450 deg. F. Kettles and vats in the chemical 
industry are examples. After hot liquid is 
withdrawn, the kettle jacket is flushed with 
cold water. The low coefficient of expansion 
keeps the kettle from cracking under this 
thermal shock. The curves in Fig. 3 show 
how the coefficients of expansion of this tvpe 


compare with those of the other tvpes and 
ilso with that of cast iron. 


I'ype 4 has a high silicon content, contain 
ing on the average 30 percent Ni, 5 percent 
Cr and 6 percent Si. It has been called a 
stain resisting iron because cookware and 
food-process apparatus of this allov remains 
smooth and bright and does not stain the 
products being processed. 


Cooking utensils, stove tops and grills 
are made of this alloy. They are easy 
to clean and they remain smooth, bright and 


ittractive without the need for scouring. 


lype 5 is used in machine tools gages, 
scientific and optical instruments, glass mo 


paper dies and chemical equipment. wher 
1 low coefficient of expansion is desired 


Foundry Procedure 


\ll the types of Ni-Resist can be prod 


in the furnaces ordinarily used for melting 
iron or steel. Alloys of average strength are 


obtained by the ordinary melting and m 
handling technique. More care is required 
to produce the high strength castings 


The shrinkage allowance in pattern design 
is 3/16 to 1/4 in. per ft. The same pr 
cautions taken for steel castings apply m 


the design for Ni-Resist castings. Gen: 
the principle of controlled progressive s 
fication applies, which means that a casting 
should be designed so as to freeze un 
ruptedly from the light to the heavy section 
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Ni-Resist of normal hardness 


130-160 
Brinell) can be machined at the same speed 
and feed as gray iron of about 200 Brinell 
hardness. Too light a cut is to be avoided to 
prevent the tool from riding over the work. 
When dimensions must be held to closc 
tolerances, grinding may be necessary. High 
duty tools should be used in machining Ni 
Resist harder than 175 Brinell. Grinding is 
recommended for allovs harder than 240 
Brinell. 

When scraping, reaming and other fine 
machining are required, alloys of low 
chromium content are advisable. Ail the 
machinable types of Ni-Resist take a smooth 
finish. Cylinder bores, piston rings and simi 
lar parts can be ground to a high finish. 
The low cost of machining Ni-Resist 
has often been the reason for its selection 
for parts that would be more difficult to 
machine if made of other corrosion-resisting 
metals. 

Ni-Resist can be welded by the same tech 
nique used in welding gray iron. Welding 
rods of Monel, nickel or Ni-Resist should 
be used so that the weld metal will have 
about the same corrosion properties as the 
welded components. 


Wear and Galling Resistance 


l'he graphite particles distributed through 
out the structure account for the high re 
sistance to galling and the good metal to 
metal wear. The alloys work harden in metal 
to metal contact. Good wear service obtains 
when both rubbing elements are Ni-Resist 
as well as when one of the elements is some 


other metal. Fig. 4 shows a cargo winch 
brake drum after years of marine service. 
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Fig. 3—Curves showing the coefficients of expansion of the types of Ni-Resist. Fig. 4—Solenoid brake wheel 
Type | alloy in a cargo winch. Resistance to wear, as well as to corrosion from sea water, are vital in this application. 


1A 





\ hardness range of 130 to 170 Brinell 
is essential to good wearing qualities. A 
hardness greater than 175 Brinell, except 
where abrasion is involved, does not improve 
overall resistance to wear on rubbing metal 
parts, as the higher hardness is generally de 
veloped by increasing the massive carbides, 
which are likely to abrade the mating metal. 
Hardnesses below 130 are permissible with 
low contact pressures 

In moving furnace parts the resistance to 
galling and rubbing wear and to oxidation 
by heat can be satisfactorily met with Ni 
Resist up to temperatures of 1,500 deg. 
Fahrenheit. 

In pumps and systems for handling cor 
rosive slurries of sodium chloride, ammonium 
sulphate, soda ash and chemical solutions, 
corrosion resistance is needed in addition to 
good wearing qualities. A cast iron salt 
filter was replaced after four months service 
with the same style of Ni-Resist filter. The 
type 1 Ni-Resist filter was used subsequently 
for over five years in the same salt drver. 
In parts where the erosion is especially 
severe, the use of types 2.B and 4 with 5.0 
percent Cr. is advisable 


Density and Stiffness 


The density of Ni-Resist is slightly greater 
than that of gray iron. The weight of a Ni 
Resist casting should be calculated on the 
basis of 0.266 pound per cu. in., which is 
equivalent to being about 5 percent heavier 
than gray iron. 

lhe modulus of elasticitv ranges between 
W here 
Iyvpes 1A 
W'here stiffness is 


12 and 16.8 million lI». per sq. in 

maximum stiffness is required, 
> 

or 2-A are recommended 


+ + — 1 





1000 1.200 
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not important, the selection of a type with 


lower modulus of elasticity gives lower 


$ 


stresses resulting from a given strain 


Corrosion Resistance 


All the tvpes have good corrosion resist- 
ince. ‘The illustrations and the photographs 
given here cover only a few of the many 
applications in which Ni-Resist has been 
chosen because of its properties to resist cor- 
rosion. Fig. 2 is a typical application in 
which the Type 2 alloy replaced a cast iron 
filter grid. 

Products such as foods, colors, plastics, 
textiles iustics and soap have been kept 
free from contamination and discoloration 
by the use of Tvpe 2, 2a, 3 or 4 Ni-Resist 
in pumps, kettles, filters, valves and other 
parts, with which they come in contact dur- 
ing processing. White paper 1s protected 
from staining and discoloring by the use of 
Ni-Resist supports and frames in the paper 
machines 

[he scaling resistance of Ni-Resist is com- 
pared with that of grav cast iron in l'able 
IN Data on its volume growth at 900 deg. 
[hese data 


should be.weighed carefully when consider- 


IF. in steam are also given 


ing Ni-Resist for steam lnes where the tem- 


peratures may exceed 750 deg. Fahrenheit. 


Thermal Expansion 


I'he flexibility in thermal expansion, Fig. 


3 has been utilized in several ways: The 
high expansion types, i.e., Types l, 1-A, 2 
ind 2-A are often used in combination with 


metals such as aluminum, copper, bronze 


ind the austenitic stainless steels, which have 


D 


of 
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thermal expansion 
deg. F. Such 
fail at the joint between the two metals it 


of 9 to 12 milhonths pet 
ombinations do not warp oi 
the coefficients of expansion are equal 

In combination with steels or cast irons, 
have coefficients of 


which expansion be 


tween 6.5 and 7.5 millionths per deg. | 
l'ype 3 Ni-Resist is recommended for tem 
peratures of 500 deg. F. and above. Examples 
of this practice are the cylinder sleeves, Tvpe 


3, of hot oil pumps with steel bodies and the 


\\ 
valve liners of Tvpe 5 in chrome steel bodies 


for service at 1,200 deg. Fahrenheit. 
Where a low expansion casting is desired 
stability, Minvar 


invaluable In service 


for dimensional lype 5, 
iron, has proved 
where the dimensions should be held within 
lose limits such as accurate machine tool 
parts, scientific instruments and gages, Min 


var iron has met with special favor. Sec 


the November 1945, Number of Propuct 
ENGINEERING for a full discussion of the 
uses and properties of the low-expansion 
high nickel allov, Muinvar iron 


Thermal Shock Service 


I1] haol 1 
Hc ng « N] 


ansion types of Ni-Resist (1, 


l-A, 2 and 2-A) operate satisfactorily at ele 
vated temperatures if the service tempera 
tures are fairly constant They may crack 


1 


however under conditions of sudden or cyclic 


temperature changes, which often cause con 
shock 


sses where hot liquids 


siderable thermal stresses o1 This is 


likely to occur 


are pumped through pipes and filters into 


in pro 





Table V—Maximum Thermal Stresses in Rigidly Designed Structures Caused by 
Sudden Temperature Changes 


Expansion Stresses, 

Material è Service conditions strain, lb. per 

in. per in. sq. in. 

Plain cast iron Between steam at 100 lb per sq in.. 0.00188 22,000 
[ v pes 1 and 338 deg. F.) and tap 0.00287 34,000 
[v pe 3, 30 percent Ni water at 70 deg. F 0.00134 19,000 
[vpe 5, — Minvar iron bap cn AE east aD qd EM 0.000856 8,400 
Plain iron Betwe n 250 deg F. b dr E we o S 0 00127 15,000 
[vpes 1 and 2 and tap water at 0.00199 24,000 
[vpe 3, 30 percent Ni 60 deg. F 0.00086 12,000 
qv. 2 UT -——-— er 0.00049 5,300 





kettles ind 
where tap 


piocess equipment, and 
water temperature is 
suddenly admitted to such a system between 
200 and 450 deg. F. The metals undergo 
thermal shock 

Cracking thermal shock can be 
avoided by using low thermal expansion Ni 
Resist, Type 3 or, in extreme cases, Minvar, 


otici 


at room 


trom 


lype 5. The stresses that can be set up by 
sudden temperature changes on rigid struc 


tures of grav iron and different types of Ni 


Resist are compared in Table V. Although 
the maximum stresses of Table V are sel 


dom reached in service, they illustrate the 
advantages of the low alloys in 


shock. Type 3 has shown satisfactory crack- 


expansion 


ing resistance where the temperature differ 
ences have been as much as 400 deg. | 


Fig. 5—The outer ring and housing of this lifting mag- 


net is made of Type | alloy, which is non-magnetic. 





kK 

































differences the use of Minvar 
iron is suggested. 

Metals develop corrosion resistance 
through a protective film that forms on the 
surface as the product of corrosion. When 
metals are subjected to temperature cycle 
service, the protective film is often flaked off 
by the expansion and contraction. This ex- 
poses new metal to the corrosive agent and 
a new film is produced. By using the low 
expansion alloys the movement caused by 
temperature changes is so small that the 
protective film tends to adhere to the metal, 
thus maintaining the maximum protection 
and giving improved service life. 


For greater 


Electrical and Magnetic Properties 


Ni-Resist has high specific electrical re- 
sistance and less than one-fourth the thermal 
coefficient of electrical resistance of gray cast 
iron. 

lhe non-magnetic character of Types 1, 
l-A, 2 and 2-A is useful as a rough check on 
the composition. These types are non-mag- 
netic because the metal is just comnletely 
austenitic. Ni-Resist which becomes magnetic 
because of insufficient alloy content will have 
different properties from those of the proper 
composition. Under-alloyed Ni-Resist is hard, 


dificult to machine, unstable and less re- 
sistant to heat and corrosion. 
As the chromium content of Ni-Resist 


increases above 2.5 percent more and more 
response to a magnet is noted. This results 
from the increase of chromium carbides, 
which are themselves responsive to a magnet. 
In Types 5 and 5 there is some magnetic 
response because there is roughly 50 to 100 
percent more nickel in these types of Ni 
Resist than in the non-magnetic Types 1 and 
2. This magnetic response increases as the 
nickel is increased to 30 and 35 percent and 
higher. 

Typical electrical applications in which 
Ni-Resist is used are resistance grids, mag- 
netic clutch brakes, electromagnet coil shells, 
and street-railway magnetic-brake backing 
blocks. Fig. 5 shows a housing or coil shell 
for a lifting magnet made from Type 1 
Ni-Resist, a non-magnetic alloy. 














Fig. I—Self-locking nuts and vibration resistant devices are available in a great variety of styles and sizes. 


Testing the Effectiveness 
Of Self-Locking Nuts 


J. A. SAUER 


Elastic Stop Nut Corporation 


Four simple tests are described whereby the effectiveness of self-locking nuts 


and other fastening devices can be determined. The equipment for carrying 


out the tests is outlined and the number of samples needed to give a satisfac- 


tory measure of performance is stated. The tests provide technical data to en- 


able the user to select the proper fastening device for each application. 


THE USERS of self-locking nuts and re 
lated fastening devices often wish to test 
them. Such tests are desirable because they 
provide the user with unbiased information 
ind enhance his confidence in the self-lock 
ing feature. They subject competitive items 
the same tests; hence the selection of 
ne Or more items from a group can be 
sed upon test performance 
‘Tests by users supplement and confirm 
the information furnished bv the manufac 
turer of the nuts. Thev provide data for 
ompany standards and for use by the pur 
hasing department. They can be made 
basis of acceptance tests and in some 
instances they may be used as the specifica 


tion upon which to reject inferior products. 

The tests made by users, excepting those 
companies specially equipped for extensive 
testing, must be simple, easy to perform and 
reasonably reliable. They should include 
1) vibration tests. (2) installation and re 
moval tests, (3) re-use tests, (4) wear and 
plating tests. 

Other tests are m order when the con 
ditions of service are. peculiar or. unusual 
Thev may include tests at high and low 
temperatures, corrosion resistance tests, 
tests in oil or grease, and possibly others. 


Thirteen specimens are required to carry 


out the tests described herein. These 
specimens should be selected at random 
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from a representative batch of 1,000 or 
more. Fight of the thirteen specimens are 
used in the vibration tests; the other five 
are used progressively in the rest of the 
tests. Five specimens represent the mini 
mum sample recommended for cach test. 


Vibration Tests 


Since the main functions of a self-locking 
nut is to hold fast under vibratory condi 
tions, the vibration test is of primary im 
portance. This test is conducted on a 
vibration testing machine that subjects a 
test arbor, on which the sample nuts are 
mounted, to the rapidly alternating blows of 
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Boit Hole 


---No. 3/0-A 





Stanley hammer 
or equivalent 


--Arbor 


,7 Loose fit 


/ in. oa. 


--H in. diia. 


















Isto » LSS ESSE PEEPS AS. 


(“tale la Y 


cushion 


Front 


Fig. 3—Diagrams showing how the test arbor is mounted in the test apparatus. 


and 3 
test 
a vibration testing machine that 
the Aircraft Laboratory 


The photograph, Fig. 4. 


| È - 
‘lg 
l 


are diagrams illustrating respectively a 


an electric or air hammer 


arber and 
have been used by 
at Wright Field 
shows a front view of the test apparatus. The 
shock cord is kept at a constant static ten 
sion of 60 pounds 

Other tvpes of vibration testing machines 


are available and are uscful for obtaining 


comparative. information on performance 
characteristics of different tvpes of fastening 
Fig. 5 is a diagram of a 
that 


plving the rapidly alternating motion to the 


devices testing 


machine uses an all hammer for dp 


test fixture [wo tvpes of test fixtures arc 
the 
the bolt-nut combination is parallel to the 


used in this apparatus. In one axis of 
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in the other the bolt- 
nut axis is perpendicular to the direction of 
vibration. 

In order to expedite the gathering of test 
data vibration testing machines generally ex 


direction of vibration; 


pose the self-locking nut specimens to vibra 
torv conditions that are considerably more 
severe than those of actual service. Although 
the test motions differ from the complex 
vibrations occurring in service, a laboratory 
standard of performance can usually be es 
tablished that will insure 
havior of the product in the field. Using 
the test illustrated in Fig. 4 it 
has been established that self-locking nuts 
that withstand, without 
vibration time period corresponding to that 
indicated in Table I will give excellent serv 


satisfactory be 
machine 


will loosening, a 
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ice under actual operating conditions. 

The Wright Field vibration test is car- 
ried out by operating the electric hammer 
in alternate periods of 20 min. running and 
10 min. rest. The rest period permits the 
test specimens to cool and avoids introduc- 
ing an extraneous heat factor, which is not 
encountered under active service conditions, 
into the laboratory test. The test fixture 
accommodates § specimens, all of which are 
assembled on the respective bolts until they 
contact the surface of the cylindrical sleeve. 
Before the electric hammer is started the 
self-locking nuts are backed oft the bolts 
one-quarter turn. ‘The specimens are tested 
in this position rather than in the seated 
position so as to determine whether the. self 
locking feature of the nut will be adversely 
affected by the periodic vibratory motion. 
The nuts are considered unsatisfactory for 
use if thev move relative to the bolts dur- 
ing the prescribed time of vibration or if 
thev can be removed after the test by the 
fingers. 

If an air hammer vibration machine such 
as that shown in Fig. no direct 
correlation between laboratory test data and 
service data is available. The apparatus, 
nevertheless, can be helpful in giving com 


5 is used, 





Table I—Minimum Vibration Time, 


of Testing Specimens 


Hr. 


Vibration time 


Nominal nut size, in. . 
| period, hr. 


No. 10 0 6 
/4 1.0 
9i 16 3 5 
3/N 6.0 
3/16 8.0 
1/2 9.5 





parative ratings to various types of self-lock- 
ing nuts and similar fastening devices. Com- 
petitive types can be tested at the same time 
by assembling the samples in alternate rows 
of holes in the test fixture, If two 
different types of self-locking nuts are used, 
the test specimens can be mounted in the 
same manner on the Wright Field test 
arbor. 

If it is desired to compare the perform- 
ance of a self-locking nut with the com- 
bination of a standard nut and other locking 
element, as a lock washer, then the 
test specimens may be mounted directly 
against the test fixture and seated with a 
prescribed torque value. In either case, after 
the air hammer is started, the test arbor 
is usually vibrated for fixed periods of time 
and then the hammer is stopped to permit 
examination of the specimens. The time of 
the vibration, or the number of alternating 
cycles, required to loosen the specimens sup 
plies a of their relative effective 


Fig. 5. 


such 


measure 
ness. 


Another measure of relative effectivene 
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can be obtained by measuring the locking 
torques of two different types of self-locking 
nuts both before and after a period of 
vibration. The test should be repeated 
until all available tvpes have been tested. 
The fastening device then showing the 
smallest percentage torque change will bc 
the logical selection, at least so far as vibra 
tion resistance is concerned. 

In case no test machine is available, data 
can be obtained by methodical observations 
of specimens in service. 
many 


This procedure 
may require months 
for its completion, although little time is 


days, or even 
required to make the observations and to 
keep a record of them. tests 


corroborated by data from a few sepcimens 


Laboratory 


in service is a good course to follow.’ 


Installation and Removal Tests 


The installation test measures the torque 
required to screw the self-locking nut onto 
a standard bolt; the removal test measures 
the torque required to turn it off. The 
dimensions of the bolt affect the reading 
of the and hence the bolts 


in the tests should be uniform and 


torque used 
as close 
to nominal Bolts manu 


size as possible. 


factured to class 3 fit usually are satisfac 
tory but to check them 
good precaution. 

A self-locking nut should hold fast at 
anv position on the bolt whether or not the 
the nut is tightly against 
surface. The torque required to 
turn the nut on the threaded portion of 


with a gage is a 


base of drawn 


another 


the bolt is a measure of the force necessary 
to overcome the resistance of the self-lock 
ing device. 

in Ib. 
which 
and the length 


l'orque is the product of the force 
applied at the end of the wrench, 
Is causing the nut to turn, 





Table II—Allowable Torques (in.-Ib.) for 
Installation and Removal Tests 


Max. torque 


Kontis value Min. torque 
Nut Size installation value on 
i or removal, 
removal, in.-Ib 
in.-Ib. 
No. 4 6 0.7 
NO. f 9 11 
No. 8 12 l€ 
No. 10 17 7.3 
4 | 30 40 
5/16 47 63 
>/ 71 9 4 
7/16 95 12.7 
12 127 17.0 
?/16 | 161 21.5 
5/8 | 200 26.9 
34 | 290 32.9 
7/8 | 400 $3 1 
| 530 70.5 
1/8 | 670 89 2 
1;4 | 830 111 
VS | 1010 135 
1/2 1220 162 


— — ——————— 
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Fig. 4—A front view of an electric 
driven testing machine showing speci- 
mens mounted on the test arbor. 


in in., or sometimes in ft.) of the wrench 


More 
nut on the 
of the conventional types of direct-reading 


conveniently, the torque to turn the 


bolt can be measured by one 
torque wrenches. ‘The torque measurements 
are made with all the threads of the self 
locking nut engaged in contact with threads 
of the bolt. assured when 


the bolt extends from 11! 


Good contact is 
to 2 threads be 


vond the crown of the nut. 

Surface irregularities, finish and plating 
on the threads cause differences in the 
torque. Bolts with ground threads will show 


different torque data than bolts with rolled 
threads or those with plated threads. These 
usually small and 


can be eliminated by testing all nut samples 


differences, however, ar 
with the same type of bolt, preferably the 
type that will be used in service 

\ satisfactory self-locking nut should not 
exhibit an installation or a removal torque 
in excess of the values given in. Column 2, 
Table II. The removal torque should not 
be less than the values given in Column 3. 
Maximum values of the torque are provided 
mainly for ease of assembly and disassembly. 
Damage to the plating on the nut or screw 
result of high 


is sometimes a deleterious 


torques. Minimum values of torque insure 
that holding power under vibration is ade 
quate. Turning of the nut on the bolt with 
consequent loss of bolt tension is a result 


of inadequate locking torque 
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The values of Table I are empirical values 
both 
experiment 


established as a result of service ex 


| he 


turning 


perience and laboratory 


minimum values are less than the 
effect produced by the component of the 
bolt 
against the face of the nut 
helix of the thread. The difference, 


is made up bv the counter rotating torque 


tension (axial pressure of the work 
acting along the 


however, 


produced by the frictional forces between 
ind bolt 
ind the work 


the contacting threads of the nut 
between the base of the nut 
This friction alone is sufficient to overcome 
turning under stati onlv, but 
under vibration, it cannot be relied upon to 
For that rca 


son it is supplemented by the friction of the 


conditions 
maintain its full static value. 


in order to avoid loosening 


locking feature 
of the nut 
Since the 


sion increases with size 


bolt ten 
of the 


turning effect of the 


is the cube 













- Hard 
rubber 


— PEU 
fixture 


--Air 
hammer 
vibrator 








Fig. 5—Diagram of a vibration test 
machine driven by an air hammer. 


diameter, it would seem logical to have the 


values of Table II also increase in the same 


proportion. If this is done, however, the 
locking torques in large size nuts become 


excessive and tend to freezing and 
galling. The actual values of Table II in 
crease with size approximately as the square 


Cause 


of the diameter 
fractional part of the thread and base fri 
tion that may be lost by vibration varies in 
In other 
the relative contribution of the thread 


[his would imply that the 


versely with the size of the nut. 
words 


friction and base friction to holding power 
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its than on smaller 


greater on larger size n 
one his effect is attributed to the in 
ability of the dynamic forces, which are en 
ountered in service, to overcome the ver 
heavy iting forces existing between thx 


1 
large-sized 


ind 


ATT in nedium 


ireaded connections. 


Re-Use Tests and Wear Tests 


Self | nuts should grip the bolt even 
t g installed and removed sever 
tim Ih uiality important whi 
hi nnection hold part together 
that need frequent to be dis-assembled and 
eml d 
lo test the re-use ettect l fa self 
ocking nut, the specimen issembled and 
issembled on the bolt ten time: Ihe 
torque required to remove the nut the tenth 
time the measure of the re-use effec 
cli 
Ordn he t nad nin 
diateh rte th pp tion na me | 









Drvrrori OR taking accurate photographs 
f su il operations this Signal Corps cam 
| "gi Itra.fast action and is so fool 


p 
proot that an inexperienced person can make 
lack-and-white or color photographs. 


Ihe includes a number of 


wera inno 
itions, including à. super-speed,  self-con 
tained light source; automatic setting of the 


ind a scale for determin 
reduction percentage of the subject 
Ihe « 
ibout 54 pounds 

Fhe set 
camera and the power pack. The « 


^ 
4 


liaphram aperture; 
ing the 


photographed imera proper 


consists of two basic 


uses 


mm 


[22 111111) 


weighs 
1 
units, the 


imera 
olor or black-and-white film in 


VIEWFINDER EYEPIECE 


ee 


" 


that Can m 


Thus 


tests So 


the same specimens 
the torque for the tenth rc 


moval test on each specimen can be com 


used. 


pared directly with its torque during the 
first removal test. A good self-locking nut 


removal 


s of the 


tenth 


is still in exce 


will exhibit, on thc time, a 


lable II, that 


minimum values 


torque 


| pon con pletion of the re-use tests both 


the bolts and the specimens are examined 
irefully to determine whether the self-lock 
ing feature has contributed in any way to 


coring of the mating threads. If thread 


damage has occurred, it is also frequently 
evidenced by a marked increase in the instal 
lation and removal torques after re-use 


ind bolts are used in 


When plated nuts 


the tests, the plated surfaces are carefully 
inspected after the re-use test. The self 
locking nuts are only considered satisfactor 
hen the self-locking feature causes no s 
fing or bretking of the plating Otherw1 


the base metal is exposed to corrosion and 


f $ $ 
Cl IC m 


sired objective of the plating. 


Army Camera Has Self-Contained Light Source 





18- or 36-exposure daylight-loading cassettes, 


ind yields a negative size of approximateh 
1 by 14 inches. It uses a signal five-element 
lens and is of the reflex focusing tvpe with 


focusing accomplished visually through a 


magnifying viewfinder. Two penlights in the 

mera illuminate the subject for focusing 
Ihe main control knob simultaneously trans 
ports the film, sets the reflex. mirror, and 
opens the lens diaphram to the maximum 
iperture for critical This feature 
makes double-exposures impossible, since the 
camera cannot be operated until the film has 
''en wound to the next frame. 


[he industrial possibilities of this camera 


focusing 


FOCUS LOCKING KNOB 
FOCUSING KNOB 


Propuct 


to provide 


| veather- 


that is, protection aga 


ing 
Sometimes the 
ify the making of additional test 
ample, if the fastener is to be used at low 
temperatures, the installation and removal 


conditions ot service Just- 
For ex 


tests may be carried out in a cold room at 


temperatures equal to servici iperatures. 
In many applications corrosion is an ever 
This is especially true if 


iction of acid 


present danger 
the fastener is subject to the 
or salt atmospheres or if dissimilar metals 


which deteriorate by galvanic action are used 


for the nut 


ipplications of this 


es for 
the 


Fastening devi 


nature should seal 


i 
ind. bolt 


ontact threads against the entrance of cor 
rosive vapors and should be tested for cor 
rosion resistance in a salt or acid sprav cabi 
net. The extent and intensity of the rust 
ing or freezing of the metals by corrosion can 
he ascertained both by visual inspection of 
the test samples and by comparison of te 
moval torques after removal t the test 


cabinet 











have not been explored by the Army. It is 
operated from a portable lectric power 


pack, which weighs approximately 2 


$ 


pounds, and it may be plugged into any ordi 


urrent line. The camera uses 35 


nary mm. 
flm and contains its own built-in light 
sour 1 coiled circular quartz vapor dis 
charge tube. The tube, designed and con 


structed bv the General Electric (C 
gives a flash of approximately 1/25,000th of 
a second duration, too short a period of time 
One of these tubes, after 
leterioration 


mnipan , 


to harm the eve 
50,000 flashes, had shown no 
The flash-tube housing is of phenolic plastic 


and is covered by a transparent plasti sheet 
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PRODUCT ENGINEERING EDITORIAL 





Avoid Expensive Materials Specifications 


STRESS CALCULATION is not an exact science. In many instances the classical formulas 


give results that are less than half the true figu l’actors of safety of 5 or 10 are a bland 
idmission on the part of the designer that he believes his answer is probably several hun 
dred percent wrong, which it probably is. Service loads are rarely determinable with anv de 
g f accuracv unless tests are made. The unit strength of the material in a large-size 
hnished part mav be less than 75 percent of that a; determined from a standard test spe 
men. Many other undeterminable variables such as notch sensitivitv, stress concentration, 
effects of cold working and residual stiesses usually enter into the problem 

In spite of the acknowledged inaccuracy of the most painstaking design calculations, mam 

neers treat their materials specifications as if positively established requirements had to 


be met. Not only do they call for an alloy that is much stronger than necessary, but they 
lso specify the highest properties obtainable in that allov. Hardness may be specified to fall 
within an unreasonably narrow range. The vield point and elongation demanded mav be 
such that exacting and costly heat-treatments are required to attain them. Under such con 


ditions costs pvramid 


Ironically, often the designer will defeat his own ends in attempting to avoid a possible 
part failure by unreasonable demands in his materials specifications. Because greater hardness 
increases the notch sensitivity of a given alloy the effect of sharp corners and scratches is 
more pronounced in the part that is more highly hardened. The piece may fail sooner, in 


spite of the higher vield point developed in the alloy. 


$ n 


\ design that costs least to manufacture cannot be achieved by resorting to costly materials 
and heat-treatments to offset uncomputable factors of ignorance and frightening doubts. In 
so far as possible, working loads should be determined by tests. The design should then 
be studied carefully to eliminate points of stress concentration, unbalanced loading, poor 
stress distribution, and similar conditions. Wherever possible, unknown quantities that will 
have a major effect on the design should be determined by tests. Often a simple inexpen 


sive experiment will give the data required. 


If large quantities of the part are to be produced, a sample piece should be subjected to 
experimental stress analysis, laboratory tests and service tests. Thus the true stresses and 
strains will be established, facts will replace guesses and the factor of ignorance will be greatly 
reduced. It will usually be found that less material of lower price will be needed and that 


complicated heat-treatments arc unnecessary. ‘Thus is achieved the optimum design, highest 


Propi ENGINEERING FEBRUARY, 1946 101 


in service values and lowest in product cost 






































Metals can be combined to form a two-wall tube to withstand simul- 


Bimetallic Double-Wall Tubing 
For Combating Corrosion 





taneously two different types of corrosive attack. Typical applications 


are described, with a summary of the behavior and characteristics of 


a few common metals and alloys that are used for tubing. Designs 


are discussed for assembling two-wall tubing in heat exchangers. 


DEVELOPED primarily to withstand two 
fferent tvpes of severe corrosive attack that 
nav exist, onc on the inside wall and thc 
ther on the outside wall of a tube, Duplex 
tubing has an inner and outer wall of dis 

milar materials 
Mechanical structural properties of Duplex 
tubing are not of first importance. Savings 
n cost of material sometimes result through 
(f a tube having low carbon steel for 


one wall and copper or brass for the other 


vall instead of using a single stainless steel 


y , ha 
t Combinations having an outer tube 
[ bra d an inner tube of steel are somi 
times used for reasons dictated bv cost, ap 


pe rance mda freedom from corrosion. 
Many. materials can be combined to form 


1 } 
iplex tube: Steel, aluminum, monel 
nctal. stainl steel, copper, brass, bronze 
ind cupro-nickcl In manufacture., a tight 


l 


nechanical contact of the two materials is 


btained by pushing | small tube into a 
| } } T 

irge tube and then drawing both thro gh 

t l th th tsid nd in 

i n I hie nsid l net ized 


el placed in the small tube 


p I T 
t th one of die reduction Ihe clos 
nechanica ntact between the two mate 
i h that when the bined tube 
expanded or contracted bv thermal stresses 
1 ICA ister properties of th t ic 
iot. aff | most applications 


-Flush type ferrule 


FIG. 1 
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selection of metals and allovs for 
tubes that will satisfac 


In the 


the inner and outer 


torily withstand given corrosive conditions, 


consideration must be given to the factors 
that affect the rate of 
of corrosion is a complex one, and condi 
tions that influence it are many and variable. 


For many different tvpes of service and 


corrosion. The subject 


installations, it is possible to select a metal 
or allov that will best withstand given con 
ditions 
where corrosive oil flows through the tubes 


ind corrosive water flows around them. Herc 


An oil refinery mav have a condition 


stecl tube might stand up on the oil side 


vet would fail on the water side. A brass or 
copper tube, on the other hand, might fail 
from the oil side vet stand up on the water 
side. Such a condition is treated as two 
separate corrosion problems and one metal 


s selected to resist the oil on one side and 


another metal is selected to withstand the 


water side 


lor oil refinery service and synthetic rub 


ber manufacture, duplex tubing is used with 


$ 


steel outside to resist corrosive oil vapor and 


copper inside toward the fresh water; steel 


and admiralty inside 


l Other appli 


outside toward the oil 
toward circulating salt water 
cations call for combinations such as cupro 


nickel 


outside , aluminum OT 


outside, red brass inside; stainless 


steel brass inside 


In ammonia refrigeration systems where 


Patented metal 
-ferrule with 
fiber collar 














FIG.2 
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t 


stecl pipe rusts away from contact with the 
water, duplex tubing composed of steel for 
the ammonia side and copper for the water 
side has been successful. ‘This type of duplex 
tubing can be used for conveying illuminat 
ing gas underground where soil conditions 
ire marshy and destroy steel prematurely. 
For chemical plants duplex tubing has 
been used that consists of admiraltv outside 

tor brackish water and aluminum inside 
Bending or coiling of duplex tubing can 
be accomplished with the material as fur 
nished by the mill; for exceptional designs, 
softening by necessary. 
] 


Minimum radii for bending or coiling are 


annealing may be 


about the same as those possible with single 
wall tubing. 

Since 
double walled tubing can be soldered, brazed 


most of the materials used for 


or welded: elbows, tees, crosses, and 


couplings of the unthreaded sleeve joint tvpe 
can be used for tube fittings. Duplex tubing 


can be expanded or rolled into a tub sheet 


It can be supplied with annealed or tempered 
ends, although end annealing is not usu 


necessary, 


Duplex tubing is generally supplied in con 


1 1 ( ] 1 
denser tube sizes because of its wide appli 
cation in heat exchangers. Since i cus 
tom made product, it can also be furnished 


in standard pipe sizes. 
[he principal 
tallation of duplex tubing in 


considerations governing 


the proper ms 


condensers and heat exchangers are the same 


is applv to single walled tubing 


When an expinsion joint has been pro 
vided between the condenser shell and one 
tube sheet, both ends of the condenser 


tubes are rigidly attached to each tube sheet 
Where no such expansion joint or floating 


tube sheet exists, provisions for longitudinal 












Quetile inner tube 
Spun over the cut 
back furned-down 
outer tube 


FIG.3 





Fig. 1|—Bell mouth flush ferrule at inlet end of tube does not impede flow. Fig. 2—Tight fit between tube and tube sheet 
depends upon the swelling of fiber collar. Fig. 3—Method for protecting tube and sheet from galvanic corrosion. 
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Clearance before expanding ferrule made from low Clearance before expand- _ 
into grooves 0.005 -0.0/0 in, carbon stee/ tube. ing into grooves 0.005-0.010 in. | 


t 











rClearance before expand- 
; Ing 0.005-0.010 in. 


Duplex fube _* 





Expand fo wifhin Jf in. fo! 
Ye in. of back of tube sheet 


"-E£xpend fo within 3s in. fo 
Ya-in. of back of tube sheet 


\ FIG.4 í 
Serrations 0.090-0.100 in. wide Serrations 0.090-0.100 in. wide 
x 0.016 in. deep {2 or 3 grooves) x 0.016 in. deep (2 or 3 grooves) 





Fig. 4—Inlet and outlet end designs for preventing galvanic corrosion in high-pressure ammonia refrigerating systems. 


tube expansion must be made at one end, i ferrule of the sam position as the in Cupro NICKEI ipproximately 7U percent 
usually the discharge end of the condenser le of the duplex tube, and similar to the opper and 30 percent nickel Resistance 
tubes, the inlet being held rigid tube sheet is used. This makes it necessary to impingement cor n and pitting is 

For low pressure installations, the flush to cut off a section of the outside member. good. Also resists season or stress corrosion 
tvpe brass ferrule, Fig. 1, with a generous When the juid or gas passing through the cracking generally caused bv the combined 
bell mouth is often used at the inlet end of tubes attacks the tube sheet. the latter is action of moist ammonia, oxvgen and stress. 
the tube. Many engineers are of the opinion — protected bv covering it with the same metal lt is used in feed water heaters, heat ex- 
that this tvpe of ferrule does not impede is used for the inside member of the tub hangers and evaporators where good cor 
water flow nor use excessive turbulence \lso the outer wall of the duplex tubing  rosion resistance is needed. Chemical and 


Provision for expansion and contraction of in be proteck urning off a portion of fo id industries also use cupro nickel 
each tube must be provided cither by the the outside member and spinning over the 


| . 
the luctile. mor OTT f $ 


\LUMINUM Brass (approximately 76 per 
sion-resisting inside mem 


use of an expansion joint or by allowing 


, 1 ent copper. 2 percent aluminum, 22 per 
outlet end of the tube to slide within its her. Fie. 3. The sa struction is used rl : 

i\e same construction is usc —“ | | we 
ube al 1 Or bdos — — i , è ] ent zin Superior to admiralty in impinge 
packing glam ne packing method uses a on th utlet end. where the tube is fastened — seinem Sins cial CE 
special metal ferrule, Fig. 2, with a fiber nto the floating tube sheet "e aT i — j 
ollar. This arrangement depends upon the For high pressures such as those that exist Munrz METAI ibout 60 percent copper 

E > : £1 h 1 1 o à a à a : 1 
| swelling of the fiber collar to obtain a water on the compression side of an ammonia re ind 4U percent zin Satisfactorv for good 
tight joint between tube and tube sheet fricerating svstem. the methods shown in _ fresh water conditions. Addition of a small 
; his method is limited to applications Fio. 4 metimes used. Here a portion percentage of arsenic markedly retards or 
vhere the circulating liquids will not attack f the outside member of the tube is cut of eliminates dezincification 
| the fiber and when there is no danger from before inserting the tube into a heavv walled ; : 4 
e — ti i l EI XRSENICAL COPPER Pure copper alloved 
er ee tube sheet that has been machined. as vith approximately 0.25 percent arseni 
7 i — * : : with é OXI ely 4>) perce rsenic 
For high pressure installations the inlet shown, before the tube is rolled in. A sleeve Pi ; ! i 
t ' be i a NT More resistant to corrosion than ordinary 
end of the tube is expanded and rolled into of the cm mposition as the inside mem C ] 
7 k : 1 COpper. yrrosion resistan¢ ind excellent 
1 ! serrated hole in the tube sheet. Since thc ber of the duplex tube is used on the outlet PI t * g 7 t * 
qn s A heat conductivity ma it suitaDie for con 
a inlet end of the tube is held firmly, pro ind as shown in Fig. 4. This design elimi * Y Ea P 
Uo c . enser ube use where aT: IrCuiating water 
vision must be made to take care of expan- nates the possibilitv of galvanic action. fresh. Has ] ; : f i 5 
. : — f e iS ITESN. IS DCCh used successruliv in COn- 
- sion and contraction of the tube it its out \ brief resume of a few common ovs | E ! -" ! 
s - lensers and feed water heaters using natura 
et end. This is accomplished by using a used for tubing will indicate their characteris * > 

2 river W r OI rreslan W i W 
floating tube sheet. When this method is tics and behavior. "Ur MEER — — 
ised for installing tubes at the inlet end on STEEL resists corrosion from ammonia gas, 
OW pressure units, metallic pac king may be \DMIRAI ry approximately 0 percent cop ammonia liquors, ind mani nitrogen om 
ised at the outlet end to allow movement per, 29 percent zinc, 1 percent tin). Resists — pounds 

. I " 
f the tube. corrosion from sea water. 
X ; 1 SISFq OI fror 
For high pressure ind low liquid velocities à í — i STAINLESS STEEL resist orrosion from am 
RSENICAI DMiRALTY containing abou nii d - 5 — 
‘rough the tube, a plain expanded joint is 0 2^ — an monia gas, ammonia iquors, Many organic 
Ul percent OF arsenic is More resistan o nd nore ( ids foods Sí 
sed on both the inlet and outlet ends pe * ma morgam icids, foods, and dium 
* dezincification than  admiraltv without — 
Where the liquid velocity is high, the belled emend nvaroxiae 
arsenic. 
let end is considered more desirable. The oo 
: T" ALUMINUM is used for handling acetic acid, 
lain expanded joint is used successfully Dwuronzr I\ approximately 95 percent cop rtain organic acids, ammonium hydroxide 
iere. f ater W roug he tub T. Š p ] i ; * i ; : 
e fresh water = : ough the ul À: per, 5 percent aluminum and arsenic). Su concentrated nitric acid, food processing, 
id ammonia ga inc iquor are cooled 1 t c S tube al S : 
— gas | OLE perior to other condenser tube alloy fo ind. pharmaceuticals 
el itside. brackish water corrosion and excessive dé 
ee : 1 i 
For high pressures where it is necessary posit attack. Used in the chemical industries MoNEL resists sea water, alkalis, and salt 
prevent galvanic action at the tube sheet, nd in salt refining equipment. solutions 
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Engine Mounting Selection Machine 
Automatically Determines Load Characteristics 


DEAD WEIGHTS are used for static loading automotive engine 
mount l! limit switches control maximum and minimum 


dct L4 


| fiection under the test load conditions. Designed by 
E. bk. Riesing, chief automotive engineer, Firestone Industrial 
Products Company, the machine is manufactured bv the Link 
Engineering Company Known as the Link-Riesing machine, 


engine mountings are loaded in nests on a chain convevor. If 


engine mountings are within the tolerances of deflection, to which 
the limit switches are adjusted, they will pass through the machine 
to a container placed at the end of the convevor. Parts not within 
the predetermined limits are picked up by a solenoid arm and 
dropped into the reject chute. Push button station is mounted on 
the side of the machine. Machine checks cngine mountings at 
the rate of one every three seconds. 
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ect arm drives cri 









Limit 
switches, 


pd Reject arm 


/ Slrde block 
eZ 


Cf Reject 


/ Solenoro i 
/ M e 








Genev ex 
Arive 
mechanism 


Se/ective 
load we/saht 





«t+- Acceptable 
parts 


Single motor drives conveyor, weight release cam and reject static load is applied, and gives conveyor uniform accelera- 
arm from a common drive shaft so that all movements are tion and deceleration. Synchronized drive assures uniform 
synchronized. Conveyor is driven through a geneva drive and identical load application, duration of load application 
mechanism that allows the conveyor to stop, while the and release of load for each engine mounting tested. 

- 


























Weraht release car — ne a y/e aring 
d r = ia 
| Selector driv J 
| 4 | 
| f Switch fo 4 — Bo ancina weraht | 
deflection contr E g s | 
\ | 
Part in reject gy oo Nest on conveyor chain | 
position i arive — | 
| "d 7 -a ' » "uU omo | 
I | rr, PSs, \ and sizes of parts 
/eno/d operates r BA CAL y t — | 
for rejects only. Sater, A> Sa E — ee —— —⏑— 
e/ — — = NE E T : x | 
Good parts go H ZINI » f ~, | J— | [A + n X | 
right on and drop % ] Yu Tt M LLL. Meet, LI 4 p 
- Ed !) PEL ' H VXN X^ | E t€ | 
into confainer af | /A Vx ] Chain p VY WA IFT + * 
f conv r <- riv E v A AUR ]? 
ene of conveyor ț i jp o ve — XC 4 — ee | \ i P | 
i eae Fs rit -R * — — | 
J Ew [| | — — — = 
yam es | 
: | _ ol | i | 
—— — | -Geneva drive mechanism or shock 
—— Kib 4 | free operatior 
| — | 
| | TT | Gear reducer 
Reject Acceptable | [ T | 
| container parts | r rt | 
eanTeMer Weight in 25 76. ` 
" | | P sections 17 — — 
| | 1500 lb. maximum | | 
1 x | | | f T-L---6 L1 
| i | | L — 4 j Poea ! -Change gears 
| — || — SE. | 
| i ; 
| Ht - - - - —— ——— t — : : i | 
Machine is of welded steel construction. Motor, speed reducer used throughout the machine to reduce the friction of all 
and geneva drive mechanism are located in the vertical col driving and operating parts to a minimum. Conveyor and 
umn that supports the conveyor element. Needle bearings are loading cam are driven by chain drives. 


(Continued on next page. 
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Machine tests engine mountings having a wide range 
of sizes and shapes. Steel inserts make possible the 
use of a solenoid for rejection but a rod type of 
ejector is available for parts without inserts. 


Reject arm is operated with each loading cycle but only when the 
predetermined high or low deflection limits are exceeded or not 
reached the solenoid, located at the end of the reject arm, is energ- 
ized and the arm rejects an engine mounting. 


Motor Ay 3 h 
— contactor 00! y mMm, 
L inch or L o / \ " 
| ! start 2 x / 
Stop MN a0 
PAL rem 8 
ur \ 
ý nch De —— 
2 position | Ve M | 
switch | - ——-—— | \ 
| » 


Utt 60 cycle 


K minimum — — 


deflection 


no? ' 
cendi | goes in after load has been Main drive 
this switch released and acts on mount- shaft 
Stays ing. /f minimum deflection 
closed did nof take place, relay 
i | will go in 


T f — I Relay 
| | K {œil 


——H-— E 
f mavmum Y 46H or 


deflection «| 


| Red /ight LY 
eroecec! | - 
this switch | / ^ — 
iS SWINK — 
LM 


croses 


Relay contacts 


Solenoid is activated when minimum limit switch is not actu- 
ated or maximum limit switch is actuated during the test 








“momentarily opened after 


i determines the time 
“during which the selector 


Switch X on main drive shaft 





— — 





Selector 
resetting switch 


arm reaches out” position 


Closed by long cam 
during selecting period 


Normally Normally 
circuit can operate open closed 
the reject solenoid 










normally open switch by a second cam. This cam controls the 
time interval during which the solenoid is energized. A third 


loading of an engine mounting. This energizes the coil of a 
normally open relay closing the relay contacts. Relay coil 
remains energized until tripped by a normally closed reset- 
ting cam. Relay closes part of the solenoid circuit and solen- 
oid is energized as circuit is completed by the closing of a 


cam closes a normally open switch to energize the relay 
should the normally closed minimum deflection limit switch 
not be activated. The three cams are mounted on the main 
drive shaft. Red indicating light in the electric circuit is 
lighted when the solenoid is energized. 
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German Air Compressor Has Integral Diesel Drive 


HIGH-PRESSURE AIR COMPRESSOR 
with an integral diesel drive has been studied 
by the technical staff of the Engineer Board 
at Fort Belvoir, Va. Called a “free piston 
compressor” it is cylindrical in form, com- 
pletely enclosed and of compact design. 
Captured from the Japanese, the unit is 
one of six units supplied by Germany to 
Japan. Compressor can be divided into three 
sections, the diesel engine being located in 
the center and compressor sections at each 
end. Combination of engine and compres- 
sor in one integral unit gives simplicity in 
construction and minimizes vibration to a 
degree that installation without a founda 
tion is permitted. Servicing and mainte 
nance are simplified and weight is reduced 
to a low figure when the unit is compared 
with similar conventional compressors. 








(Right) Compressor pistons work in replaceable liners. First stage 
All suction and discharge valves are of the same size and suction valves 
are fully automatic, spring loaded, plate valves. 


Scavenging 
suction valves 









(Below) Two piston rods on opposite sides of the com- 
pressor are connected by gears and synchronizing racks 
at the engine section. When firing the diesel pistons 
move outward in opposite directions until they clear the 
passages for the scavenging operation. The two opposed 
pistons are then thrown back by residual pressure in the 
air cylinders for another diesel and compression cycle. 
Each air compressor has two stages. 


Third sfage piston First stoge 
Engine discharge valves 
Second stage piston 
E - 





Piston roo — 








First stage 


piston Y 
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Engine Fan Has 
Adjustable-Pitch 
Thermostatically 


Controlled Blades 





Control of internal combustion engine 
| water temperature through use of ad- 
justable pitch fan blades has been an- 
nounced by the Evans Products Com 
pany. In the Thermo-Control fan the 
blades are automatically adjusted, 
through a variable pitch control, by a 
built-in heavy-duty Vernatherm thermal 
power element. The thermal power 


element changes the fan’s pitch, through 

TL y infinite variations, to the maximum re 

E SSSSS MZ quired for efficient engine operation 
XS | Ns 













A SS B Principal applications for this device 
C44 a r 
5 LLLA, |. are heavy duty operations such as 
truck and bus engines, stationary gaso 


line and diesel engines, and simila 


ATL n T 


i 
“Vernatherm unit 


heavy equipment. 

Operation of the Vernatherm contro! 
utilizes, as the power-creating medium 
the expansion of special materials sen 
sitive to temperature changes. Ope 
ating range is determined by the chen 


| ) ical composition of the materials and 
| many ranges are available. Pressu 
| | developed by these materials is tran: 
| 


mitted directly to an actuating cylind: 
which operates the variable pitch mec! 
anism. A spring returns the piston as 


pressure in the Vernatherm conti 
decreases, 
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Compact Home Service Unit 
Contains All Utility Appliances and Fixtures 


DESIGNED to bring all domestic utility appliances and fixtures 
into a small space, the Ingersoll utility unit, developed by the 
Ingersoll Division, Borg-Warner Coiporation, consists of a central 


BATH ROOM-tb 


core, 90 in. long, 77 in. high and 30 in. wide. ‘This core contains pelt cose othe 

kitchen equipment, laundry equipment, furnace and bathroom either side interchangeable 
; a : 4 with lavatory according to 

fixtures, and is offered in standard and deluxe models. Core is individual house plan. 


designed to pass through any standard door opening and carries 
fittings ready for connection to all equipment. Furnace is designed 
for oil or gas fuel and has an output of approximately 80,000 B.t.u. 
Automatic hot water heater is of 30 or 40 gal. capacity and is 
furnished for either gas or electric operation. Assembly covers 
94 by 94 ft. Kitchen and laundry cabinets, finished in white porce 
lain enamel, extend 7 ft. above floor. Fluorescent lighting is con- 
cealed under the upper part of the cabinets. 


arcos 


3 
E 
& 
| 
è 
$ 
z 
1 


LN3HAdInOS3 ANGNDVY'I 
3M3H NOLLLLHYd HOD£LLNI HO TIVA NODIALXi 


KITCHEN EQUIPMENT 


Refrigerator, Cabinets , Range-gos ór electric, Sink , Dishwasher (optional) 












Central core, of rigidly welded steel framing, contains the 
furnace, hot water heater, plumbing vents and stacks, chim- 
ney connections, electric controls and connections.  Elec- 
trical system is divided into three separate circuits, Special 
circuits carry the load of an electric range and electric hot 
water heater when either or both are included in the unit. 
Copper piping, having permanent sweat joints, is used for 
both gas and water. 


\ i 









c Aim Ney conmection 


aK i — ^ 
v? water Mi l 
Il |, Heater ; E i 
[ NL— — 


y m J 
vnw - 


BATHROOM SIDE — Water osef connections 














Lavatory 
cormections 
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* Tub connection 
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Compact Fuel 
Oil Pumping Unit ` 
















ale heater on second Floor 


Orl: f ter 


Space heater 


0il control valve ~- 


Two orl burning appliances 
using one lifter 


5 feet 
maximum 


lift 
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Intermittent duty 
operating switch 





Lubricating tubes 


Priming 
plug 





Normal 


operating 
float 


Rotary vane. 
pump 


DESIGNED TO ELIMINATE carrying fuel oil from a remote 
supply tank and space heating units in installations such as private 
homes, garages and public halls is a device called “Oilifter.” De- 
signed and manufactured by the Automatic Products Company, 
the Oilifter runs intermittently to furnish a constant supply of 
oil for the burner. Capacity is 1 1/4 gal. per hr. and oil supply 
tank can be located as far as 25 ft. vertically and 100 ft. hori- 
zontally when fuel oil not heavier than No. 2 is used. Unit will 
operate on No. 3 fuel oil but the lift rating is reduced approxi- 
mately 50 percent. 

Unit is self-contained in a corrosion resistant housing. Pump is 
of the rotary-vane type and is driven by a self-starting shaded pole 
induction motor that gives no radio interference. Pump is located 
at the bottom of the unit. Two floats are used; one, for normal 
operation, is mounted above the pump and the other, located 
above the first float, acts to prevent overflowing of the unit. A 
check valve prevents the pump from losing its prime. Priming 
is necessary only at the time of installation or after extended 
periods of idleness, Convenient priming opening is located at 
the top of the filter unit. Filter unit has a 100 mesh Monel metal 
screen and is located on the side of the unit. 


Installation requires no overflow pipe as excess oil in the 
reservoir chamber is syphoned back into the inlet supply 
line. Installations can be for single or multiple heati! 


units but the maximum number of heaters is fixed by the 
flow rate of the unit. 


Ja 
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P-80 Shooting Star Jet Propulsion Gas Turbine 


JET PROPULSION GAS TURBINE used in the P-80 Shooting 
Star airplane develops a static thrust of 4,200 lb. under standard 
sea level conditions. Known as the 1-40 Jet Propulsion Gas Tur- 
bine, the unit was designed and developed bv the General Electric 
Company. Air enters the engine through circumferential inlets on 
the front and back sides of a double-sided impeller. The impeller 
is a solid aluminum forging with milled blades. Discharge from 
the impeller enters 14 equally spaced diffuser passages that have 
a “Wirt” type elbow containing four turning vanes. Air is cou- 


O/ffuser. —— ———7————— — 


Impeller — — — 
— b" Ul op 


Front support ——* 











Side support — 


Accessories 7 


* 


Accessory 
drive gear 


Cornpressor 


Air adopters 


ducted to the combustion chambers by cast air adapters that carry 
the fuel nozzles, end caps of the combustion chamber and spark 
plugs. Combustion is controlled by the holes in the liners. Tur- 
bine nozzle ring has 48 blades and there are 54 buckets on the 
turbine wheel. Unit is divided into five major sub-assemblies that 
are bolted together to form the complete assembly. These sub- 
assemblies are the accessory drive, compressor, turbine and combus- 
tion, exhaust cone and air adapters. Each subassembly is a complete 
operating unit and is interchangeable. 


— — J9— 2 
/. Coupling 


— — Shaft 
Cooling air fan 
Turbine nozz/es 


Turbine buckets 


* pue 
M JE 
— [wed 
1 ^" 
\ ik 
l eh — Sh — 





Exhaust cone 
—— Turbine 


Combustion chambers 





/ pressure Gear set Vent 
gage 


“Bayonet gage 
and filler cap 


Magnetic 
drain plug 


vorication pump 


Propucr ENGINEERING — FEBRUARY, 1946 





Oil pump has two elements, one for 
lubrication, the other for scavenging. 
Lubricating element draws oil from a 
reservoir at the bottom of the acces 
sory drive casing. Oil passes through a 
filter and is delivered to the four main 
bearings, to the coupling between the 
turbine and compressor and to the quill 
shaft splines driving the accessories 
Oil from the front bearing and quill 
shaft splines drain into the reservoir 
and oil from the coupling and three bear 
ings is drawn back to the reservoir by 
the pump scavenging element. Gears 
and bearings in the accessory drive are 
lubricated by splash from the oil pump 
drive gear. 
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Random Notes on Reconversion 


Shipment of television sets within six 


months has been announced by the 


Radio Corporation of America. Sets will 
range from table models, selling under 
$200, to a receiver 


large projection 


priced about $450. Size of picture will 
four by five inches to ap- 


that of a full 


from 
proximately 


range 
newspaper 
page. 


Two types of food freezers, designed for 
farm use, have been announced by the 
Carrier Corporation. One type will have 
30 cu. ft. 
ft. Units are designed to maintain from 


capacity and the other 15 cu. 


0 to minus 5 deg. F. temperature in a 
110 deg. F. room. 
A * - 


Automobile weighing less than 600 lb. 
Produc- 


tion is scheduled to begin early in 1946 


is now undergoing road-tests. 


by the Bobbi Motor Corporation. Known 


as the Bobbi-Kar, the body will be of 
plastic with steel structural mem- 
bers surrounding the passenger space. 


Chassis is of tubular steel construction. 
Powered with a two cylinder air-cooled 
motor the car will have no clutch pedal. 
Three models, a two-passenger roadster, 
and a four- 


planned 


two-passenger commercial, 


passenger sedan, are 


Consumer Goods 
Machine 
that 
be developed in 
Exact 
wartime 


Announcement of a 
Division by’ the 
Welder 
products 
fields of 


Federal and 


Company indicates 
will 
manufacture. 


new 
several 
plans are 
manufactur- 
ing facilities in excess of the needs for 


not disclosed but 


manufac- 
ture will be used by the new division. 


post war resistance welding 


Explosion-proof motor developing 21/4 
hp. at 8,000 r.p.m. is 
fuel-tank of a 


mounted in the 
jet-propelled airplane 
Designed by Westinghouse, and used to 
drive a fuel 


circulating the 


booster pump, the motor 
fuel be- 


tween the outer housing and the frame. 


is cooled by 


Push-button bed for a 
railroad car 


living room or 


has been announced by 


Arnot and Company. The Arnot sleeper, 
at the bed 


press of a button, opens a 


112 


with bedding already in place. In the 


railroad car arrangement the lower 
berth 


the upper 


back of a divan and 


into the 


forms the 


berth fits wall. 


Manufacture of a new type gasoline en- 


sine, refrigerators and possibly auto- 
mobiles has been announced by Jack 
and Heintz, Inc. Refrigerators will be 
produced before the end of 1946 and 
production of the gasoline engine is 
expected to begin soon. 

* * x 


Stressing massive appearance the 1946 
twenty-seven mechanical 

and changed 
lines. Both six and eight-cylinder units 
will be produced. Improved cooling is 
claimed as a result of enlarged radiator 


Pontiac has 


improvements exterior 


grille openings. 


Grid-like resistance heating element 
fused into a plate of glass is being 
manufactured by the Radiant Heater 


Corporation, Mounted in a portable 
frame the unit radiates heat from both 
sides of the plate yet does not get hot 
scorch cloth. 


enough to paper or 


Complete line of household radio sets 
announced by The 
Having the same 
quality as the 


has been Crosley 
high 


prewar 


Corporation. 
standards of 


models nineteen different models are 
included in the first group to come off 
the production lines. All new models 
are distinguished by a more extensive 


use of plastics than prewar models. 


Seven radio chassis housed in sixteen 
cabinets mark the entrance of the Ben- 


dix Radio Division of the Bendix Avia- 


tion Corporation into the home radio 
field. FM and television sets will be 
added to the line in 1946. 

» - 7 


Use of aluminum instead of cast iron 
in making the plate of a piano has been 

Winter and 
harp-shaped part of the 
piano on which the strings are strung. 
An 18-ton exerted by taut 
strings caused existing aluminum alloys 


announced by 
Plate is the 


Company. 


tension 
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to creep and allow the pegs to turn and 
cast aluminum 
alloy developed jointly by the 
Aluminum Company of 
Winters and Company and the plate of 
this material reduces the weight of a 
spinnet piano by 80 pounds. 


strings go flat. A new 
was 


America and 


Manufacture of electric home heaters 
has been announced by the Westing- 
house Electric Corporation. Models will 
range from an easily portable 1,250 watt, 
110-volt floor unit to four-kilowatt, 220 
volt floor and wall models. All 220 volt 
models will have built-in automatic ther 
Styled of durable 


blend with any 


control. 
units will 
treatment. 


mostatic 
metal, the 
decorative 


Industrial solid tires of neoprene type 
synthetic rubber are now in production 
by the United States Rubber Company. 
Designed primarily for use on electri 
and gasoline powered industrial trucks 
end manually operated handling equip 
ment, the neoprene tires reduce power 
consumption 60 percent when compared 
with tires of present construction. Neo 
prene more nearly approached natura 
rubber in tests of industrial tires tha: 
any of the many other synthetic rubber: 


All-plastic battery container, weighing 
less than 10 lb. is used to house a spe 
cially designed 12 volt battery for the 
jet propelled P-80 “Shooting Star.” 
Manufactured by the Electric Storage 
Battery Company, the use of Lucite 
methyl methacrylate resin plastic 
offers a 20 percent reduction in weight 
when compared with aluminum and 
rubber. 


* * * 


Butyl inner tubes made only in truck 
and large passenger-car sizes, during 
the war, will be in mass production 
early in 1946 by the United States Rub 
ber Company. 


* * * 


Radio sets designed specifically fo 
built-in installations have been al 
nounced by the Ansley Radio Corpore 
tion. Known as Palentone the unit is 
built on a heavy steel panel and Tè 


1946 











Pro 
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ing 
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ub- 
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an 
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quires only 414 in. of depth. Two mod- own cooling unit. 
14 by 14 in. panel and a deluxe model at zero. 
giving FM and regular broadcast re- 


ception on a 14 x 26 in. panel. 


Food storage is kept 


els are offered; a seven-tube set on a at 40 deg. and the frozen food locker 


PRODUCT DESIGNS 


Corporation for its parent company The 
Nashville 
plant is now being converted and first 


Aviation Corporation. The 


models are scheduled to come off the 
production line in February. 


Apex Electrical Manufacturing Company 


" $ * has developed a 


Combination refrigerator and freezing 
init has been announced by the General 
Rubber Company and the 


in a few months. 


Tire and 


* 


Liquid Carbonic Corporation. Called the 


exclusive improvements 


* 


new type automatic 
washing machine that 


will be available New engine oil having a marked abil 


machine has ten ity to reduce deposit accumulations on 
pistons, rings and valves has been an- 

‘ nounced by the Socony-Vacuum Oil 
á Company. The new oil also has im- 


Froster the refrigeration unit has 7 Gas and electric kitchen ranges will be proved wear-reducing properties and 
cu. fi. of space and the freezing unit manufactured in Nashville, Tenn fives maximum protection against beat 
S14 cu. ft, Each compartment has its plant of Consolidated Vultee Aircraft ing corrosion and foaming 





Egg Crate Nailing Machine 
Of Simple Welded Steel Design 


EGG CRATES are nailed at the rate of 100 to 150 per hour, in 
a machine designed by the Nailing Machinery Division, Food Ma 
chinery Corporation. Construction is ef welded steel and uses few 
castings. Clutch is of the external-expanding type. Bearings are 
bronze sleeves which can be replaced. Clutch is operated by a 
pedal that is held down until the desired number of nails are driven. 
Machine will drive nails from the two-penny size up to and includ- 
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ing the cight-penny size. Nail feeding is adjustable to all size nails 
Lut the range of nail size requires three different nail chucks. Ma 
chine is loaded by hand and box is fed automatically to the dif- 
ferent nailing positions by a ratchet feeding device. 

Nailing unit has a three run nail stripper, three nail runs and 
picks and three nailing heads. Three nails are driven at each rota 
tion of the clutch. 


Ria ue m e e. 


Nail strippers 


—— > 
EI 


runs — 


Nail — — 
picks ! 1 PS 
— id 


Nai eS 8 
: E- ae i 
5 





PRODUCT DESIGNS 


Lightweight Blast Cleaning Device 


The hazards of fiying dirt, dust and abrasive are eliminated in a new bla 
cleaning device known as the Vacu-Blaster. Developed and manufactured 
by The Vacu-Blast Company, the device is of lightweight construction and is 
operated like a vacuum cleaner. Abrasive is returned from the blasting head, 
cleaned and used again, thus saving the expense of handling abrasive to and 
from the job and tae normal operation of cleaning up after blasting. 


Unit consists of a blasting gun abrasive reclaimer, dust collector, abrasi' 
storage tank and a vacuum pump unit. Reclaimer tank screens off the large 
particles and dust and light particles are carried off to the dust collecto 


Abrasive reclaimer fank 
(Grit cleaned here) 


-Air grit and chig 


_-Abrasive 
Storage tank 
A 1300 Ib. grit 
6 min. Supply 
rů l 
Solenoid switch m - Swifch 
operated from n 
|. nozz/e 
~ Aluminum 


--St/FF bristles 


(A) When grit runs out operator works button 
on nozzle which releases cleaned grit 
into lower chamber. Loss of grit about 1% 
each time used 


----B/as* 


y —Vecuunm 


Gun consists of a tungsten-carbide blasting nozzle inclosed by an 
aluminum cone which is surrounded by à vacuum pick-up cone. 
A brush mounted in flexible leather makes the inclosure at the 
point of surface contact, Gun can be operated with one hand 


Plastic 


Pocket Compass 


Molded of olive drab Tenite plastic by Du Page 
Plastic Company, this compass of the dial type, 
is liquid-filled and operates with extreme accu- 
racy Designed for use by pilots and aircraft 
crew members, the compass meets requirements 
for extreme temperatures, rough treatment and 
immersion in sea water. A flint striking-bar on 
the outside wiH produce a spark when a steel 
knife edge is drawn across the striking-bar. 
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Circular Calibration Ring 
With Two Axes of Symmetry 


GIVEN BREWER 


Consulting Engineer 


Method for accurately determining the deflection of a circular calibration ring having two 


axes of structural and loading symmetry. Equations are developed based on the effect 


of transverse stress on the effective modulus of elasticity, influence of curvature on the 


effective moment of inertia, and elastic energy resulting from axial and shear forces. 


STEEL calibrating rings, used to check 
physical testing apparatus and to measure ac 
curately loads applied to test structures by 


hydraulic jacks, are calibrated by the appli- 
cation of known loads. From the observed 
deflections, indicated by a permanently at 
tached dial gage, a load deflection curve is 
drawn for the particular ring. 


When designing the ring it is desirable to 





tive of the total strain energv of a stressed 


bodv with respect to a particular load P is 
equal to the deflection of the structure at 
the point of application of P in the direction 
of its line of action (See ‘Timoshenko, 
"Strength of Materials, Part I,” second edi 
tion, third printing. page 308). Neglecting 
the part of the total energy caused by shear 
ind axial stresses, the energy resulting from 


| herefore 


i l Pr x i 

U =z] i M?,ds 

.0U 1 (MM, i 

=" aP ES” oP , 
Substituting values for M, and ds in 
Equation (2) and integrating, the rtical 


deflection 1s 


. * ü P 23 
predict closely its load deflection curve and bending stresses alone is considered to equal 5, = 0.14878 R 
the maximum stresses acting, so that the the total energy of the ring. Where El 
ring will yield the maximum possible de U = elastic energy within ring, in. lb. Values obtained by using Equation 
flection for a given load without permanent E - modulus of elasticity of material, Ib. have been found to be at variance with ex 
rp er sq. in 
set. The ring can be analvzed as an indc per sq. ir ; perimentally recorded stresses and deflec 
: s / = moment ot inertia of cross-section, in à 
terminate structure. Although rings in gen 3 = angle from origin. radians tions. The discrepancies between theory 
eral have three degrees of redundancy, a ; = distance from origin along centerline and practice may be ascribed to four factors 
circular ring having two axes of structural 22 nng ignored in the simple analysis of the ring 
—— = B, 1n. - 
and loading symmetry (vertical and horizon- s : ín [he first factor is the effective value of 
2 P = anv external load, lb. I 
tal) has only the redundant moment m, V.- bending moment at anv distance ; on. modulus of elasticity for the material. Re 
Fig. 1, as an unknown when cut to form centerline from origin O, in. lb ferring to the Fig. 2 where a flat plate is 
r eia ) /^ ) » r 1 ç 
a free body diagram. = (P/2) R sin $ — shown before and after the application of a 
. : y m = internal redundant couple 1 : le. it As 
| l'he solution is obtained bv applving Cas x Pils. i ih bending couple, it is apparent that because 
‘ Š 2 = T. e M - 
tigliano’s theorem, that is, the partial deriva p = deflection in direction of load P, in. of deformations that occur in accordance 
.* 
| 





Free body 
diagram 


FIG.1 





Ring deflected 


(^) 
Before 
bending 


FIG.2 








(B) After bending 
in YOX plane 





Fig. |—Circular ring with two axes of structural and loading symmetry cut to form a free 
body diagram. Fig. 2—Flat plate before and after the application of a bending couple. 
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FIG.3 


Section A-A 








with Poisson's ratio the plate will form into 
a U shape. In curved beams radial forces 
exist that constrain the rectangular section 
against distortion, Fig. 3. This effect may 
be visualized if it is considered that for the 
cross-section to take a U shape the edges 
of the ring must stretch to conform with 
the larger radius, while the center of the 
This inherent 
resistance to warping causes the rectangular 


cross-section must Compress 


section to remain very nearly rectangular, 
with the result that transverse stresses, Fig. 
4, are set up in the ring that approach a 
value equal to Poisson’s ratio u times the 
principal stress caused bv bending. 

Where E is the value of modulus ob- 


tained from a tension test of the material, 
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Stress distribution resulting 


from pure moment 


Fig. 3.—Forces acting in a curved beam of rectangular cross-section. 
Fig. 4—Relation between transverse stress and the principal stress caused by bending. 


Curved 


beam 






Fig. 5—Comparison of stress distribution on cross-sections of straight beams and curved beams. 


Fig. 6—Sections of a straight beam and a curved beam having equivalent bending stiffnesses. 


the transverse stress causes the effective 
value E, of Young's modulus to increase, 


so that 


When u equals 1/3, the effective value of 
modulus E, is 124 percent higher than the 
simple tension value. This raised value 
substituted in Equation (3) will reduce the 
theoretical value of deflection correspond 
ingly. 

The second factor ignored in the simple 
analysis of the circular ring is the effective 
cross-sectional moment of inertia I,. In the 
basic energy equation (1), I is the moment 
of inertia of the cross-section obtained by as- 
suming a linear distribution of stress over 


I ° , . 
Ai* 3* Po/ssons raro 


f, = Maximum outside 
fiber stress caused À J 
by bending f M \ 

FIG.4 ^ 







Stress distribution 
resulting from 


pure momer t 











the section, Fig. 5. In a curved beam the 
stresses are distributed over the cross-section 
in a parabolic manner instead of linearly. 
Although a curved beam solution for 
energy content can be made using the para 
bolic stress distribution and a factor relating 
the distance between the controidal and 
neutral axis of the beam, the solution be 
comes impractical in the higher R/t ratios. 
It is more convenient to find a cross-section 
of a straight beam that wil) have the same 
change in slope (bending stiffness) for 4 
given applied moment as the curved beam 
The straight beam will then absorb the 
same amount of energy per degree change 
in slope as the curved beam, but the stresses 
will be linearly distributed over the cross 
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section of the straight beam during bending 

The moment of inertia of the cross 
section of the fictitious straight beam can 
be validly substituted into the energy equa 
since the distribution of 
compatible with the original 
made in deriving Equation (1 


tions, stress 1S 


assumptions 

To find a 
section of a straight beam having the same 
ending stiffness as a curved beam having a 
ectangular section, both sections having the 
same depth t, Fig. 6, when 


A = 


angle of deformation of a normal cross- 
section of straight beam 

A, angle of deformation of a normal cross- 
section of curved beam 

distance from neutral axis to a differ 

ential transverse area of beam cross 


section 


vidth of differential transverse area of 
straight beam 
width of differential transverse area of 


curved beam 
L init length of element of straight beam 
j — central angle subtended by an element 
of unit length of curved beam 


R = radius of differential area of curved 
beam 

R, = radius of neutral axis of curved beam 

R; = inside radius of curved beam 

fy. = unit fiber stress at y in straight beam 
= y E/L 

fj; = unit fiber stress at y in curved beam 
= 0:y E/ R,8 

V, bending moment at cross-section of 


straight beam 


- i) esa 


M= bending moment 
curved beam 


J Cas) 


at cross-section of 


iM dM 
0; — 0; when M, — y ien - — = : 
Ovi fov E 
therefore (* n - 3 by) 
L RB 
or — 
RB 
At the neutral axis 
R,B=L 
since a unit length is being considered for 


both straight and curved beams. Therefore 


=bR,B/RB=bR,/R=bR,/(Ro+y (4 

Also since at the neutral axis R=R, 

then at the neutral axis y=l 

(his means that for beams of the same 

lepth, a straight beam having a cross-section 

such that its width w at any distance y 

trom the neutral axis as expressed by Equa 

à tion (4) will have the same elastic energy 
2 $ 


3 stored per radian of deflection as the curved 
| width b 
moment of inertia of the straight beam de 


n having a Therefore the 


: veloped from Equation (4) is the effective 

i m nent of inertia of the cross-section of 

í the curved beam shown in Fig. 6, and this 

; tfcctive value of moment of inertia I, must 

e be used in the energy — l 2 

. 3), if they are to be valid 

With 

es 

S distance from the inside of the curved 
beam to its neutral axis 

0 
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it can be 


1 
+ 
LC C 


Is/1e and As/Ae 
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ll 


effective area of curved beam 


= moment of ine rtia of Cross- section of 


straight beam about its base 
= effective moment of inertia of curved 
beam about its neutral axis 


shown that the basic properties of 


quiy lent straight beam section are 
— + Ro loge [R H Ro s 
log, HR Ro 
R, log, + R,)/R ( 
( 
Ro yy — tR 
/ - 
R loge R,)/Ro|> / 
) 
I. — A, 8 


Since Equations (5), (6) 
ire difficult to use, 


ences between large 


ind (8) 
because of smal! differ- 
numbers, graphical 


ind § 


solu- 
tions are 


tance v from the 


given in Figs. The dis- 


inside of the curved beam 
und from 


ith the 


to its neutral axis can be readily f 
Fig. 7, which is self explanator W 
rmined, R, can be found as 
Che effective moment 
of inertia I, of the curved beam about its 
neutral axis found from Fig. 8, 
which is also self explanatory. 


value of v det 
the sum of R, plus y. 


can be 


Other factors in the exact analysis of the 
ring are the contributions to the total elastic 











Fig. 7—Graph that can be used to find the distance from 
the inside of a curved beam to its neutral axis when ring 


thickness and inside 


L2 


Uu 


o 


diameter of 


Ile Moment of inertia of effective cross-section 
As=Area of rectangu/ar cross-section 


Ae= Area of — cross-section 


ring are known. 


Rectangu/ar cross-section | 


| 
| 
1 t Effective cross-section | 


Is* Momen* of inertia of rectangular cross-section 


| | 





L1 -F Check" 





FIG.8 | 


| 
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Fig. 8—Graph that can be used to find the effective mo- 
ment of inertia of a curved beam about its neutral axis. 
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Fig. 9—Axial force and bending mo- 
ment acting on element of curved 
beam with resulting axial strain. 


energy resulting from axial forces and shear 


forces 


l. Energy resulting from. axial. forces 


U | (wer, ap SC 
: TAA Ir LER) anii 


Ihe first integral term is the elastic energy 
put into the element, Fig. 9, bv the axial 
force N. The second integral term is the 
energv removed from the clement because 
of the rotation of the bending moment M 
through the angle Ads as a result of the 


axial strain ô, 


Energy resulting from shear forces 
Fig 10 
W here 
S] = she artforce s'on cross-section, Ib 
E 
G = = modulus of rigiditv, 
: 
2(1 + mw lb. per sq. in 
K - shear?distribution factor, for rectan 


@ Peular section K equals 1.2 (see Timo 
shenko, ** Strength of Materials, Part 
I." 2nd edition, fourth printing, page 


M). 


; K 
U. 2 E Ro 8 


Fhe total elastic energy of the ring in 


i l E 
i 2 EA, d izzJ "T 
Á 


l E , 
2 AE LER. J MN ad 


differentiating under the integral sign, for 


the entire ring, 

1 Q(U) -* f r oM! 

M Rd 3 

e o ole € Ox 4 
(d r 0N,, K f dS, , 
Al f N ax PB 6). Sa. ^48— 


l x oN, .aM\,, 
LER INC E N o.) Rd 10 


Substituting om for ox and 


cluding all factors is 


M? d 


integrating 


around the couple m, 


Fig. ] 


ring the redundant 
from Equation (10) is 


R I 
di — 
I.R zl " 
m zm P V 


With the redundant couple m determined, 


the bending moment M at am point on the 
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is then obtained as a function of 8. 
P o. M R, sin 8 


M .R,sng—Py; 3p "73 V 


sin 8 





ON 
2 oP 2 
> S "OS | 
N — : cos 3; a > : > : 
2 ol 2 


Substituting the values for moment, axial 
load, shear load and their derivatives with 
respect to P in Equation (10), the derivative 
of the total energy of the ring with respect 
to the load P is found that equals the de 
flection of the ring at P in the direction of 


P in accordance with Castigliano's theorem. 


oU . SIBI AT. nus * 
oP —"? £l. L — r| 
WO 


] PR, )- ¿zr Ror ^. ) 
+ A, (3 G A.E\ 4 TN 


12 
When y is nearly equal to R,/7 
0.14878 PR? 9.809 PR, 
El. " 104. 
Similarly if a load H is applied at the 
horizontal diameter of the ring and Equa 


0; 


(13 


tion (9) is differentiated with respect to 
load H, that is, substituting 0H for ox in 
Equation (luv), the deflection at the hori 
zontal diameter caused by the load P at the 
vertical diameter will be found from Equa 
tion (10 


W here 


HI = horizontal load (fictitious 
ô, = deflection at horizontal diameter 


A S 
oHJnu-o ^ 

FPR? -- PR, f 1 A 
= EEAS JQ'AAM QM 


P Rs 
iz T +) ] iai 
it 


PO m M 
y XX Rn 


as the load H is set to equal zero. 


hen, for steel 
PR? 3.333 PR. 
~ 2662 ~o 
Ôh — 0.13662 T — 
1.21 PR, 15 
10° 4, 
» compare the theoretical predictions 


T 


| P=4,000 /5. 














FIG.10 





Fig. !0—Shear forces acting on ele- 
ment of curved beam. 


and experimental behavior of a calibration 
gage rosettes were 
cemented, as shown in Fig. 11, to the sur 
faces of a ring having the following dimen 


ring, three electric strain 


sions and properties: 
Ri = 4.0025 in. 


Ry = 4.1575 in., radius to center of ring 
section 

te :» 0.31 1n. 

Ru ; 

- = 13.4 


R, = 4.1557 in. 


; — 04005896 i 


= 0.005686 in.* 
A, = 0.71 in? 


Ihe ring was placed in a testing machine 


E". 
li 


| 


and subjected to loadings as shown in F'ig 
11 (A) and (B). ^s can be seen from thc 
moment distribution diagram Fig. 11 (C 
the loading (A) places the welded lugs in a 
region of maximum stress while the loading 
(B) places the lugs in a position where the 
stress is nearly zero. 

Ihe lugs increase the stiffness of the ring 
primarily because of the large local thick 
ness. Although it is not an entirely rigorous 
procedure it is possible to take account of 
the effect of the lugs by increasing the 
effective thickness t, of the ring in accord 
ance with the relationship, where 

te = effective ring thickness 

= actual ring thickness 


T = lug thickness 
le zl T? rR, (16 


P» /,000 /5. 





Fig. || —1[A) and (B) Electric strain gage rosettes cemented to surfaces of calibra- 
Hon ring and methods of loading. (C) Diagram of moment distribution around 


ring. 
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[he vertical deflection of the ring under 
the load P is calculated by using Equation 


(1 For loading (A) with 
P = 1,000 Ib. 
> 4 30000000... jo 
^*  1— (0.33) = 


0.14878 X 1,000 X (4.1557)? 

x 106 x 0.005686 

18091 10 5 x 1.000 X 4. 1557 
0.71 


+ 0.000575 


33.6 


0.0562 = 0.056775 in. 


) 


The comparison, given in Fig. 12, is be 
calculated deflection for the 
and the measured deflection. 

point y from the 
axis of the cross-section can be de 


tween the 
loading (A 
The stress f, at any 

1 
neutral 
termined from 


: My _ Re * 
he 7 i 
For the loading (A), the strain gages re 


that for P of 1,000 lb. the 
maximum bending stress on the inside sur 


vealed a load 


face of the ring directly 
31,50 lb 


under the lug was 
trans 
10,500 Ib. per sq. in. ten 
at the time. Thus, the 
effective value of Poisson's ratio at this point 


per sq. in. tension and a 
verse. stress of 
son existed same 


was 0.326. This is understandable since the 
presence of the lug positively prevented any 
irping of the cross-section 

In Table I is given a comparison between 


the stresses predicted by Equation 17) at 





0.03 


Dial 


the horizontal diameter for loading (B) and 
the stresses recorded by the electric strain 
gages. 

An inspection of Fig. 12, and Table I 
that the deflections as 


calculated from Equations (13) and (17) 


shows stresses and 


general a 
Variations in 


are in greement with experimental 
thickness of the 
great effect on the deflection 
calculations, since the vary as 
the third of the 
quently the presence of the lugs and the 
thickness of the 


may be expected to cause some disagreement 


evidence. 
tring have a 
deflections 
thickness. 


power Conse 


variations in ring used 
between theory and practice 
In the 


was applied 


g. ll the load 


1 single lug welded to 


ring shown in Fi 
through 


the ring. In Fig. 13 is shown a heavy ring 
in which the load P is transmitted to the 
ring through two lugs, for this ring it is 


necessary to modify the previous equations 
for deflection is applied 
off the axis of svmmetrv. 

When for the ring 


because the load 


shown in Fig. 13 


b = 3.8438 in. 
fe = 1.102 in 
Rm = 4.856 in 
R,= 4.837 in 
I, = 0.39 m.t 
{.= 3.865 in 
a = 0.587 in 

6 =0.1212 rad 
= 6.94 deg 


[he redundant moment m given by Equa 


tion (11) for the single lug ring is modified 








0.04 0.05 


Deflection, Inches 


Fig. 12—Comparison between calculated deflection 
and the measured deflection for test calibration ring. 
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Table I—Loading (B) Stresses at Horizontal Diameter 


Max ım fiber stress calculated 
ransverse stress calculated 
Maxi: . 
May m fiber stress measured 
l'ansverse stress measured 
ee 
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Inside, Outside, 
lb. per sq. in lb. per sq. in 
— 22,200 19,450 
— 7,000 + 6.600 
—)3} 730 19 800 
— 5,000 + 3,300 


1946 





Fig. 13—Heavy ring in which the load 
is transmitted to ring through two lugs. 


is follows 


Hao] M. I8 
T 


bv which the hori 


for the double lug ring 


Fr ma 
Rə cos 0 — - 
T 2 


Similarly Equation (14 
zontal deflection is calculated for the single 


lug ring is modified for the double lug ring 
is follows 
Where K —e— R 
5 2PR,? \ ¢ 
wer. we t 


l l l l 
[e (3-7) i(tT-43 
701] 425PR ig 
(3 z) Jt- 10 4, 


For P = 25.000 lb 


i 2 X 25.000 X (4.537)? X (0.317 
AT — — 
Oh 33.6 3t 10° x 0.39 


4.745 X nn 4.837 
10 3 .865 
= — 0.028 — 0.00148 = — 0.02945 in. 


25,000 Ib 

diameter 
minus sign indicates 
horizontal 


X test dial reading for a load of 


indicated a change in 
of —0.02S inch. The 


that the deflection increases the 


diameter if the load P acts to decrease the 


horizontal 


vertical. diameter 
W hen 


Equation (19 


ingle @ is small, less than 10 deg 
can be used to find the hon 
zontal deflection 

From an 


examination of the experimen 


tally determined data as compared to the 


theoretically predicted behavior of the ring 


it may be concluded that Equations (11 
13), (15). (18) and (19 


effective 


wherein the 


values of moment of inertia and 
vield 


deflection in fair 


igreement with performance. 


modulus of elasticity are used, will 


predictions for stress and 


\s a result of the raised yield in 
it is probable that rings will not suffer 


though the 


bending, 
pe! 


manent set even outside fiber 
stresses are about +0 percent more than the 


vield Thus, the raised vield 
in bending may be utilized to provide a ring 
vith 40 percent leflection 


tensile stress. 


5, 5f 
| mor vauabie 


considered possible 
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Fig. 1—(A) Driving type of dynamometer using a 1/10 





















aving a torque capacity of 0 to 5 
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in. oz. at 100 to 2,000 r.p.m. (B) Arrangements of the principal parts of a driving type of dynamometer. 
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Measurement of Small Running Torques 
With A Driving-Type Dynamometer 


H. A. BRELSFORD 


Aviation Equipment Engineering, Radio Corpo-ation of America 


Design, construction and method of calibrating of a driving type of 
dynamometer to measure small running torques and horsepower is 


described. Typical uses and applications of this device are discussed. 


DURING THE DEVELOPMENT of a sures directly the torque required to drs 

piece of mechanical cqripment such as the picce of mechamsm under test. since 
a gea train, ounter or sclector unit, it is directi coupled to this load If it is 
it as. desirable physically to check thc necessary to know the horsepower which is 
design computations for accuracy Phis  bemeg developed to drive the load. a suitable 


usually resolves itself into the fundamental type of tachometer must be employed 


of actually measuring a constructed model Thus, it is preferable to employ some 


to determine the analogy ot the design  non-loading type of tachometer, such as a 


figure lhe principle of the driving troboscope, or it will be necessary to intro 
dvnamoimeter is not new: however, it pos duce corrective loading factors to compen 
sesses the distinct advantage of being purels ate for the resulting tachometer drag fric 
mechanical in nature, except for the variable tion. Futhermore, sech drag friction would 
source of electrical power input to its dri probably not be consta; t, but would change 
g moto Phe method used is a quick and — considerably with the speed at which the 
efheient one, and does not require the use tachometer is being driven, thus increasing 
Of an urrent measuring instruments, volt the dithcuities of measurement 
iwe-measuring instruments, or anv electronig Phe particular device shown in Fig l 
device \) was intended for measuring torques 
Ih In tp» f dvnamometer mea m the order of 0 to 5 in. oz. at speeds 
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between 100 and 
is of 1/1000 hp. and entirely ad 
for these requirements. It 


2.000 rpm. Th 


Was 5 l t 
using the following equation 


Where T = torque, in. oz. 
n = r.p.m. 


Motor hp. T 


~ 7,008,000 
l'he device, Fig 1. (B), 
double-end shatt 
shaft in ball or 
the frame. The 
shaft, 

the frame bearings 


motor having a 


mounted by this 


1 


hearings located in 


! 
m t 


case the armature 
frec to rotate m 
motor frank 


shaft It 
applied to the 


at the same time, the 


to rotate around the 
power is gradually 
through a transformer or rheostat, 
the shaft will 


one direction, or the 


$ 


begin to slowly rot 


motor 
will begin to rotate in the opposite dii 
Whether the shaft 


rotates is entirely dependent 


entire 


revolves or thi 
frame 

whether the frame bearings, or the 
bearings, have the greatest amount 


Ing friction The p t supported 
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consists” of 


te 
juate 


the 


ind 


ller 
shaft, 
thus 


ind 








bearings having the least amount of trictioii 
will be the first to rotate. 


l'o preclude the possibility of the motor 
frame ‘rotating completely, a pendulous 
suspended from the frame. This 
weight is selected, as shown in Fig. 2 and 


weight i 


becomes the means of measuring the torques 
produced by the motor drive shaft 

Ihe maximum torque which the device 
is able to measure is equal to the weight 
of the pendulous weight multiplied by its 
torque arm, when the weight is in. the 
horizontal position shown in Fig. 2. A spiral 
spring can be used in place of the weight 


and connected 


between the motor frame 


and the supporting frame. Simplicity dic 
tated the use of the weight, since two stops 
in the frame could be so positioned that 
the weight limit 


rotation, thus pro 


would strike them and 
the amount of motor 
tecting the motor lead wires from breakage 
during operation. 
It is usually necessary to incorporate a 
dashpot to prevent motor frame oscillations. 
The dashpot cvlinder is pivoted at the 
bottom of the frame, and has its piston 
rod connected to the end of the motor 
frame. It effectively damps out load varia 
tions, resulting in a smoother motor opera 
tion and less difficulty 
calibrated dual. 
Calibration of the device is performed by 
utilizing the familar “Prony Brake’’ method. 
This can best be accomplished by fitting 
i pulley of known diameter to the motor 
shaft and then loading the 
different weights attached to a cord or belt 
to produce a drag on the pulley. Fig. 3 
shows typical calibration curves for this 


driving type dynometer. 


when reading the 


motor with 


lhe driving dynamometer is connected 
directly to the load shaft, Fig. l \ 
by a solid or a flexible coupling 


is then gradually applied to the dynamo 


Power 


meter motor with the rheostat or adjustable 


transformer connected to its input leads. 


Thus, the dynamometer motor will slowly 


swing against the load, which up to this time 


has not vet started to rotate. By 


the dvnamometer dial carefully, thc 


watching 
cxact 
amount of starting torque is measured at 
the instant that the load shaft begins to 
turn freely. The dial will immediately swing 
ack to a lesser value as the load shaft 
rotates. This method of checking a load 
direct both starting 
torque and running torque of a driven dc 
vice. Running torque is almost invariably 
less than the starting torque in a device, 
except when a resonant speed condition is 
reached and a sudden increased load results 
trom vibration. 

t is interesting that the 150 r.p.m. curve, 
Ih opposition to the other curves, starts 
out above the 2,000 r.p.m. curve in Fig. 3. 
This is presumably a characteristic of the 
particular frame bearing used. No com- 
pensation need to made for inherent fric- 
tion or windage in the dynamometer motor, 
since these factors appear as a certain 


permits reading of 


— 


fractional part of each dial division dur 
ing the calibration of the device. This tact 
can be observed in the curves, where the 
inherent friction of the device is repre 
sented by the space between the zero 
ordinate and the starting points of the curves 
on the dial reading. 

\pplications of this device are almost too 
numerous to mention. Aside from those 
already selected in the beginning of the 
article, the following are typical: 

1. Checking the horsepower rating of a 
small motor within the range of speed and 
power of the dynamometer is possible by 
coupling the dynamometer to the motor 
shaft, and operating the small motor at 
its rated speed. Power can then be ap 
plied to the dynamometer and speed changes 
noted as the dynamometer acts as the load. 
The horsepower changes measured are then 


| true indication of the motor performance. 


2. Checking the coordinate speed of a 
bearing used in a device is possible, the dy 
namometer is coupled to the device and 
its speed slowly increased until a sharp in- 
crease in a load is noticed with a slight 
deceleration taking place. 

3. When it is desirable to life-test a 
particular device to determine whether its 
bearing wear will produce a change in driv 
ing power. Here the dynamometer can be 
the driving element for both life test and 
power-wear tests. It is desirable to check 
the calibration of the dynamometer from 
time to time to compensate for its own 
wear errors. 

4. In checking a blower unit, the dy 
namometer is useful as the driving element, 
since it is then a simple matter to deter- 
mine speed and horsepower load varations 
resulting from changes in static and total 


pressure head on the blower 















Where: W = weight, o2 
r «radius of frame, ir 
T = maximum torque to be 
measured, in. oz. 
x = A dimension c, in 
u * unit weight of W, oz. 
per cu. in 
Q, b, c = dimensions V4 in 
T=W(rt x) 
W* ob2xu 
Solving simultaneously to eliminate x 
W? *2abu Wr-2abuT*O 


Fig. 2— Calculation of the pendulous weight for the driving-type of 
dynamometer. Weight is shown in the position of maximum torque. 








4.00 f i | | 


1.00 









Dial Reading 


A 2.2 oz eig ^ | | 





5 6 


Fig. 3—Calibration curves of the driving-type of dynamometer in Fig. | 
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Engineering Properties 
Of Sintered Versus Cast Metals 


PAUL SCHWARZKOPF 


Director of Research, American Electro Metal Corporation 


Selection ‘and evaluation of powder metallurgy against conventional produc- 
tion methods will be facilitated by the tables given here. Data compare the 
principal mechanical characteristics for a number of metals and of steels, 


made either by the sintering of powders or by the working of cast metals. 


POWDER METALLURGY can be de 
fined as the art of producing compact metals 
by pressing and heat-treating metal powders, 
the heat-treatment being performed at tem 
peratures below the melting point or at 
least the major ingredient in the powder 
mixture. 

Reviews of products of powder metal 
lurgy usually make a distinction between 
two groups of products. 

Group I. Products which can be pro 
duced both by powder metallurgy and by 
other methods 

Group II. Products which can be pro 
duced by powder metallurgy techniques only. 

Group I comprises parts sintered to the 
final shape after powder-pressing the green 
compact. In spite of the comparatively 
high cost of metal powders, savings in ma 
chining costs and prevention of losses in the 
make parts 


competitive with parts produced by machin 


form of scrap these sintered 
ing bar stock 

Group II includes the high-melting re 
fractorv metals, cemented carbides, electric 
contact materials and other composite prod 
ucts made of nonallovable metals. non 
equilibrium allovs, metal-nonmcetal compo 


Many of 


products are not finished by powder metal 


sitions, and porous parts these 
lurgical processes, but are pressed from pow 
ders into ingots and subsequenth shaped 
either 


lhis convenient classification of products 


by machining or plastic deformation 


of powder metallurgy into those which can, 


and those which cannot be produced by 
other methods, will here be emploved. It 
must, however, be pointed out that the bor 
between these two 


derline groups is not 


rigid. The melting point of platinum, for 
instance, is so high that in the past it could 
be fabricated commercially only by powder 
metallurgical methods The development 
of melting techniques today permits the ap 
lication of melting and casting methods, so 
that 


sentative of Group II, now must be 


platinum, originally a tvpical repre 
classified 
with Group ] 


Shifts from Group I to Group II are also 


1?? 


possible. The tables will demonstrate that 
sintered products, although in some cases 
still definitely inferior, in other cases closely 
approach cast and wrought products. Theo 
retical considerations indicate that improved 
control possibilities will enable the pow 
der metallurgist to advance the engineering 
characteristics of his products to an extent 
that, at least in manv instances, will make 
them superior to competitive products. As 
this stage is reached, the shift from Group I 
to Group II is effected and products with 
these superior properties then represent ma 


. 9? a “ois 
“3 + , 
CABE 
Mrz 


SAE steel 1035, annealed. Etch: picral, 
magnification 200 X. 


Sintered steel, carbon 0.35 percent, 
density 92 percent of theoretical. Etch: 
nital, magnification 200 X. 


terials which can be produced bv powder 
metallurgical methods only. 

Thus, the research work of Rhines and 
coworkers has resulted in the preparation 
of non-equilibrium copper-nickel alloys with 
unique combinations of properties. These 
materials are described in two symposiums, 
A.S.M., “Powder Metallurgy”, 1942, page 
67, and A.S.T.M., March 3, 1943, page 25. 
While all Cu-Ni alloys were formerly con 
sidered as belonging to Group I, the new 
non-equilibrium products are typical of ma 
terials classified in Group II, since controlled 
freezing of non-equilibrium conditions is 
only possible by the methods of powder 
metallurgy. 

Tantalum represents another example of 
a shift from Group I to Group II. In addi 
tion to its uses in electronic tubes and as 
corrosion resistant material, this metal has 
recently found interesting applications in 
surgerv, where it is used for the replacement 
of shattered bones or destroved cartilage and, 
in the form of wire, for stitching together 
nerves and Tantalum was origi 
nally produced by drawing, in à vacuum, an 
electric arc between a pressed tantalum com 
pact and a tantalum-faced copper block 
Later it was found that tantalum can als 
be produced bv powder metallurgical meth 
ods and the element thus became a member 
The further development of 
powder metallurgical techniques has cl arly 


tendons. 


of Group I. 


demonstrated the superiority of sintered over 
fused material. Sintered tantalum products 
cannot be duplicated by other techniques 
and high-quality commercial tantalum must 
be considered a representative of Group II. 

The future development of powder metal. 
lurgv will depend to a large extent on the 
trend of metal-powder prices. Since it can 
be expected that demand will 
create a supplv of comparatively inexpensive 
powders, it can safely be predicted that im 
more and more instances powder metallur- 
gical parts will become competitive with 
parts machined from bar stock. Future ex 
pansion can therefore be expected be 
particularly marked in Group I of powder 


increased 
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(Left) Commercial copper powder, magnification 75 X. (Right) Copper 
powder compacted under 50 tons per sq. in. pressure, magnification 200 X. 


(Left) Copper powder compacted under 50 tons per sq. in. pressure, and sintered at 750 deg. C. or 1,380 deg. F. in 
hydrogen, magnification 200 X. (Right) Copper powder comapcted under 50 tons per sq. in. pressure and sintered at 
750 deg. C. or 1,380 deg. F. in hydrogen; after cold rolling, drawing to wire and annealing. Magnification 1,000 X. 


metallurgical products. Here is given a re 

view of engineering properties of products 
belonging to this group. 

l'he data given here for non-ferrous prod 

ucts are essentially those compiled by Kief 

fer and Hotop, Kolloid Zeitschrift, 1943, 

209. The data for ferrous ma 

terials have been obtained in the laboratories 

of the American Electro Metal Corporation. 

Table IV 

been previously published by Goetzel in 

ron Age, 1942, Vol. 150 No. 14, page 

Information on steel as shown in Table 

e been obtained by Stern and are 

here for the first time. Data on fer- 

r non-ferrous alloys have not been 

led in these tables, as it is very diffi- 

to obtain 


104 page 


The figures of (Pure Iron) have 


figures on identical com- 


IS. 


many instances where the strength 


characteristics of cast and wrought materials 
have not vet been attained bv powder-metal 
lurgical products, the properties of the sin 
tered products are nevertheless satisfactory 
for a great many applications which do not 
require maximum strength and ductility 
The tables will enable the product engineer 
to decide whether or not sintered products 
can be considered for any particular job. 
With present methods, engineering prop 
erties of many sintered and subsequently 
worked metal powder products are already 
superior to those of cast and similarly worked 
metals. It is, however, obvious that con 
ventional working methods cannot be ap 
plied to parts sintered to the final shape 
The saving of machining costs, which make 
parts sintered to final shape competitive with 
parts machined from bar stock, is based on 


the feasibility of sintering to close dimen 
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sional tolerances. A conventional working 
process, other than repressing, applied ifter 
sintering, would mean the abandonment of 
close tolerances 

that the inclusion of data 


regarding characteristics of sintered and sub 


It is believed 


sequently worked materials in the tables is 


justified. Effects similar to those achieved 


bv conventional working methods can lx 
obtained by hot pressing and hot repressing 
procedures. 


these techniques can be expected to 


The further development of 
lead 
to products which, without anv sacrifice in 
tolerances, will have characteristics. superior 
to those of competitive materials 

An analvsis of the reactions taking plac 
during powder metallurgical production and 
during conventional casting processes shows 
definitely that powder metallurgy permits 
a far better control of composition as well 
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Material 











Silver 


Cast 











Fine powder, 
from AgCl 





Gold 
Cast 


Powde I 





Platinun 
Cast 








Pow de I 





Material 


Nicke 
Cast 
Cast 
Carbonyl powder 








Cobalt 
Cast 
Powder 
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Granulated powder 


red uced| 


| Worked and annealed 





Table I—Noble Metals 


Treatment 





Pressure, 
tons per 


" in. 





U —€ 
Sintered. . 
Sintered. . 
Unsintered 
Sintered. . 
Sintered 


a—À sintered 
then extruded at 
cold-rolled, 80 percent after 
extrusion 

annealed after cold-rolling . 


| Worked and anne aled 


Unsintered 

Sintered.. 

Sintered 
Unsintered 
Sintered. 
Sintere d.. 


Hotpressed . 
Hotpressed . 





Hotpressed 





Cold-worked 


Cold-worked and annealed 
Cold-pressed. . . 
the n rolled and annealed 








P = hot-pre ssing tempe rature. 





___ Table lI —Nickel and Cobalt 


Treatment 





10 


40 

40 
200 
200 
200 
100 
100 
100 


60 





|». P ressure, 
| tons per I 
| sq.in. | 
| 
| 
| Worked and annealed | 
| Unsintered 6 
Sintered 6 | 
Sintered 6 | 
Unsintered 30 
Sintered 30 
Sintered 30 | 
Unsintered 70 | 
Sintered | 70 
Sintered | 70 
Packed to maximum density | 
without pressing, sintered, 
rolled to 14-1! mm. and| 





annealed 


Sintered 
Sintered 
Sintered 
Sintered 
Sintered 
Sintered 
Sintered | 
Sintered | 
Sintered. . | 
Sintered, cold-rolled to 2 — 

then annealed | 
Sintered, hot-drawn to 1 mm., 

annealed 


E 
F ——* 


~~ 


l 





Sintering 





deg. C. 


600 
800 


600 
800 





800 
| 500 


200 
| 600 





| 200 
| — 400 
| 200P 
| 300P 
| 600P 





.500-1.600 | 


Sintering 





Temperature 


deg. C. deg. 
| 
| 
600 | l 
1,300 | 2 
600 E. 
1,300 | d. 
600 | l 
1.300 | 2 
1,200 2 


600 
,000 
.300 

600 
,000 
. 300 

600 
.000 | 
1,300 | 


— 


— 


— 


Rom — — — — 


Temperature 





deg: F. 


F. 


, 110 
370 


110 
370 


110 
,370 


, 190 


, 110 
830 
.370 
110 
830 


370 


110 
830 


370 





Specific 
Gravity 


I —— 








Specific 
| Gravity 


T^ OS MIL 4 4 OC 
On ke xO 


taa 


Qo NN 


O o NI 


NVD NVN 


oo oo oC 





oo 
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Brinell 


| Hardness | 


70-80 
68-70 


| 30 
RS 
50 


100 
70 
OS 

110 


80-90 


84 
90 


144 
150 
132 
132 
350-360 
160-220 





| 160-220 


Brinell 
Hardness 





| 120-10 


Pr 








| 10.5 25 
8.0 
1,110 8.0 15 
1,470 7 6 22 
d 10.45 
1,110 10.3 34 
1,470 9.0 36 
1,470 
930 10.45 33-40 
Zo 10.50 85-100 
10.50 | 25-30 
n 19.37 | 18.5 
156 | o 
1,110 16 0 20 
| 83 | ND 
390 | 17.1 120 
750 16.0 40 
390P | 165 
570P | 19.11 138 | 
1,110P | | 45 
| 
21.45 | 90 
| 2145 | 50 
2.730-2.910 | 
| 21.45 38-42 





Product 
—— "i 
Tensile | Elonga- 
| Strength, | tion 
| lb. per sq. in. | percent 
| 50,000 40 
| 47 ,000-50,000 | 40 
2,800 | 
36.000 10 
15,000 e5 
42,000 «12 
23,500 6 
52,000 «15 
57 ,000 50 


— 
— 


bb. per sq. in. 


19,500-20, 500 


| 28,500-35,500 


50,000-57,000 | 1 
21,500-24,000 | 35 





20,000-23 ,000 


xduct 








Tensile Elonga- 
Stre ngth, tion, 


percent 





48-50 






























17, 


500 



















28,500 














53,000 3 











20,000-23,000 


























l 






.500-13.000 | 10-12 
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Table IlI—Copper 
























































Treatment | Product 
M i Sintering i , 7 
ateria Pressure, | Temperature, Specific Brinell Tensile Elonga- | Electrical 
tons per ñ— Gravity Hard- Strength, tion, Conduc- 
sq. in. deg. C. | deg. F. ness lb. per sq. in. pe rcent tivity* 
Cast Ow" — — | 8.9 40 50 21, 300-28 ,400 15 25. | 55-57 
Forged, rolled and annealed . .| | 8.93 >50 | 28.400-34.000 <38 57—59 
Cold- A or E TUPRET REM | 8.93 100-110 62.500 10-12 55-57 
Cold-rolled 99%.............] | | 8.93 110-120 75,800 3 55-57 
Copper Poult “Sintered Rida u rca wen Meee ene? | 40 600 1,110 | 7.6 45 19 ,900-22 , 700 3-4 32-36 
—— i 200 600 | 1,110 6.9-7.0 <40 2-3 20-25 
Hot-gressed. ........ eee 60 400P |  750P 8.9 | 100-110 | 35,500-42,600 | 10 20 
Hot- pressed Pica cata M CER SNR | 100 400P 750P 8.9 | 120-150 | 42,600-49,700 | .. 57-59 
Sintered, 9097. ..... —— 20 900 | 1,650 
reduced by hee: working, an-| | 
ne aled L3: à xs 8.9-8.93 40-50 | 28,400 35,000 | <35 59-62 
— Sunsi | 20 | 900 | 1,650 | | 
| 50% reduced bv cold-working .| | 8 9-8 93 100-110 | 49,700-56,800 | 10-12 | 55-57 
| | | 
* 1/ohms per m. per sq. mm. or Mhos x sq. mm. per m. P = Hot-pressing temperature. 
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Table 1V—Pure Iron 







































































Treatment Product 
— Sintering | Sinter Density, Yield Tensile Elonga-| Reduc- 
ateria |Pressure,| Temperature, ing | percent | Brinell Point, | Strength, tion, tion 
tons per |—— l'ime, | (7.872 | Hard- lb. per | lb. per | (2 in.) | in area, 
sq. in. | deg. C. | deg. F. hr 100 ness | sq. In. | sq. 1n. percent| percent 
electrolytic | Cast and annealed | 100 | 45-90 110,000-20,000,35,000-40,000, 40-60 | 70-90 
| f - - - - - — — 
Tron powder | | | | | | | 
H»reduced | Sintered.. . 25 1,200 2,190 1 | 78.6 | 36 | 8.600 17,900 | € € ] 76 
| | 745 | 25.5| 9,400 19,600 | 70 | 4.8 
| 74.0 ; 36.5 | 9,600 19,800 | 60*| 20 
Sintered | so |1,20 |2,190 | 1 | 7.4 | 64 21,300 34,00 | 145 | 183 
and repressed 50 | 1,200 | 2,190 | 1 95.6 96 52,500 54,700 I ES 11.0 
repressed and resint. 1 hr. | 50 1,200 2,190 l | 97.0 74 19,400 37.600 | 25.0 18 
Coarse, Sintered........ 25 1,200 | 2,190 | 1 | 88.2 | 40 12,400 20,000 | 10.5 9.8 
electrolytic repressed and resint . 50 1,200 2.190 l | 5 [L6 5.700 30,500 147.9 | 32.6 
Fine, Sintered......... 25 1,200 | 2,190 l 86.3 44 | 13,700 | 24,100 | 10.5* | 20.7 
elecrtolytic repressed and resint . 50 1,200 | 2,190 i1 9.2 67 15,000 | 30,200 17.5 | 28.4 
H;-reduced Sintered........ 25 1,200 2,190 r 
2596 reduced by cold-rolling| | | | 
and annealed..... TE S 950A] 1,740A| 1 90.9 | 60 24,400 | 37 ,000 | 10.5* 14.3 
Sintered............ 25 |1,20 |} 2,19 | 1 | | | 
75% reduced by cold- rolling | | 98.4 | 117 52,000 63,700 | 6.0 | 18.8 
Sintered Serre re 25 1,200 | 2,190 l 
75% reduced by cold rolling, | | 
annealed at..... ne 950^ | 1,7404 98.4 | 93 35,800 | 42,800 27.5 48.6 
J 25 | 1,200 | 2,190 l | | 
25% reduced by forging at| 1,000F | 1,830F 97.2 | 107 39,800 52,300 12.0* 16.7 
Sinteied. ...... ses. 25 1,200 2,190 l 
25% reduced by forging at 1,000F | 1,830F 
annealed. adi edi 9504 | 1,7404 93 35,400 48,400 21.0 43.2 
Sintered. ...,..... 25 1,200 | 2,190 1 E 
75% reduced by forging at 1,000F | 1,830F 98.8 113 | 44,700 51,600 24.0 45.7 
Sintered.......... 25 1,200 | 2,190 | * | 
75% reduced by forging at 1,000F | 1,830F | | 
and annealed at........ 950A | 1,740A 97 30,800 | 50,400 25.5* | 54.9 
= Annealing temperature F = Forging temperature * Fractured outside gage le n 
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M ite 

SAE 1030 
SAE 1035 
Series | 
av. C 
SAE 1045 
Series I] 

av. C zt 

SAE 1060 


Seri S ITI 


av. C 


SAE 1080 


Series IV 


av. C s 


as of struc 


rial 


Percent of Theoretical 


Cold drawn 


0.275 
percent 


/5 
T3 

J 

| 


0.64 
percent 


0.857 


percent 


turc. 


*WQ = Water Quenched 
—— — ———————————————————————————————————————————————————————————————— —— 


Natural hot roll d 


Water-quenched from 
and drawn at 


Sintered and furnace-cooled 
then oil-quenched 

and drawn at 

As above, drawn at 


As above, water-q ienched from | 


and drawn at 

Cold drawn 

Natural hot-rolled 
Oil-quenched from 

and drawn at 

As above, drawn at 
Water-quenched from 

and drawn at 

Sintered and furnace-cooled 
then oil-quenched from 
and drawn 

As above, drawn at 

As above, water-quenched 
and drawn 


Hot-rolled and annealed 
Oil-quenched from 

and drawn at 

Sintered and furnace-cooled 
then oil-quenched from 

and drawn at 

As above, drawn at 


As above, water-quenched from 


and drawn at 


Hot-rolled and annealed 
then oil-quenched from 
and drawn at 

As above, drawn at 

\s above, w ater-quenched 
and drawn at 


Sintered and furnace-cooled 
then oil-quenched 

and drawn at 

As above, drawn at 

As above, water-quenched from | 
and drawn at 


Where characteristics of sin- 


tered products are still inferior to those of 
cast and wrought metals, this can be attribu 
ted mainly to the presence of pores. Pores 
reduce strength and particularly ductility, 
not only by a reduction in the effective cross 


section, ł 
effec t. 
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ut also 


by their specific notch 


Better control methods of powder 
metallurgy can therefore be expected to be- 


OQ = Oil Quenched 





| T« mperature 





| | 
| | 
| 
| 


843 
320 


1,100 | 2,000 | 


320 
704 
830 
320 





816 
320 
704 
R16 
320 
1,100 | 2,000 
| 830 
320 
704 
N30 
320 


S16 


| 704 





1,100 | 2,000 

| 830 
427 

704 

830 

320 


| 
| 816 
| 427 
| 704 
800 
| 07 
| 1,100 2,000 jj 
| 830 
| 427 
| 704 
830 


320 





come fully effective only if residual pores 
can be eliminated to a considerable extent. 
This improvement can be achieved by con- 
ventional working methods, but experience 
indicates that the same results are obtainable 
by hot repressing and similar procedures that 
are applicable without sacrifice of close toler 
It can, therefore, be predicted that 
further developments will lead to parts sin- 


ances. 


Average C, l i Average 

Series percent Specific Gravity 
| 0.275 7.54 
II 0.52 7.47 
IHI 0.64 7.43 
I^ 0.87 7.33 

Treatment 
Sintering Heat 


Treatment* 





deg. C. | deg. F. | deg. C. | deg. F. | Tvpe 





,550 | WQ 
600 D 

FC 
-575 OQ 
600 D 
.300 D 
,525 | WQ 
600 D 
,500 | OQ 
600 D 
.300 D 
,500 | WQ 
600 D 

FC 
325 OQ 
600 D 
.300 D 
,525 | WQ 
600 D 
. 500 OQ 
.300 | D 

FC 
,545 OQ 
800 D 
.300 D 
,925 | WQ 
600 D 
,500 OQ 
800 D 
,300 D 
475 | WQ 
800 D 

FC 
— OQ 
800 D 
300 D 
,525 | WQ 
600 D 


D = Draw Temperature 








96 ? 
95 3 
94 Q 


93.3 


Tensile 


Strength, 


lb. per 
sq. In. 


85,000 
75,000 
117,000 
56,050 


66. 500 
52,450 


82.500 | 


110,000 
99 . 000 


140,000 | 
97 .000 | 


150,000 


66,150 


84,000 


S8, 800 
122,250 


95 .000 
144,000 
98.000 


69 ,900 


9 
6 


,050 


^ 


A M 
KK 
t2 a 


136,000 
103,000 


174,000 
106,000 


153,000 
84,075 


109 , 400 
69.550 


152,000 


FC = Furnace Cool 


Yield 
Strength, 
| lb. per 
sq. in. 


72,000 
46,000 


88 


,000 


SN. 





,000 


60,000 


,000 
», 000 


— 
— 
| + 


,000 


57,700 


5,000 
,000 





42,975 


72,200 
46,650 


500 
62,000 


,000 
,000 


,000 
3,150 


500 
,850 


132,000 


350 


.025 | 
. S0O | 


69.000 | 


Table V—Standard SAE Steels and Steels Sintered from Electrolytic Iron Powder and Graphite 


Prod ict 





000 | 


.700 | 
. 100 | 


,000 | 








Elonga- | 
tion, | 
percent 
20 

30 

10 
— 
23.2 
22.5 | 
34 

13 
tug 
24 

11 

25 

g 

17 
14.5 
25.0 

8.0 
M 
17 

26 
11.5 
13.0 
16.0 

8.0 
— 
13 

23 

12 

7.0 

5.5 

9.5 

1.0 





Reduc- 


tion in | 
area, | 
percent 

47 


( 
) 


30.0 


JC 
Ju 





11.2 


9 





Brinell 
Hard 


ness 








tered to final shape which will exhibit en 


gineering properties superior, not only to 
those of parts prepared by present powder 
metallurgical techniques, but also to those 


of parts machined from bar stock. 
The theoretical aspects which are the basis 


of this prediction are discussed in detail n 


the author’s forthcoming book, 
Metallurgy," Macmillan, 1946. 
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FOREIGN AND DOMESTIC ARTICLES 


Surface Contours in Airplane Design 


From "Airplane Graphics," by Major J. P. 
Vidosic, AAF in Technical Data Digest, Sept. 
1945, p. 60-64, published by Air Technical 
Service Command, Wright Field, Dayton, 
Ohio. Attention TSIAN-BI. 


THE PRESENT DAY AIRPLANE is made up 
primarily of conic curves. Longitudinal body 
curves, basic cross-sectional contours, cano 
pies, windshields, wing fillets, radar domes 
and turret blisters can all be developed 
New techniques 
have been introduced that make developing 


from second-degree curves. 








and fairing of these geometrical shapes 
easier, faster and more accurate. 


Ihe advantages of the second-degree 
curves of the conic sections are: (1) Second- 
degree curves form surfaces that are entirely 
satisfactory from an aerodynamic stand 
En (2) Second-degree surfaces can be 
abricated and assembled readily, accuratel; 
and economically. (3) Second-degree curves 
can be constructed graphically. (4) Second- 
degree curves can be defined and analyzed 
mathematically. (5) Quadric or second 
degree surfaces are pleasing to human tastes. 

The second-degree curve that becomes 
tangent to two lines at right angles is 


termed a “right” conic. Likewise a conic 
that omes tangent to lines subtending 


Prop: 


an angle greater than 90 deg. is an “obtuse’ 
conic, and one subtending an angle less 
than 90 deg. is an "acute" conic. 

[he construction of a conic that is tan 
gent at points A and B on two intersecting 
lines is made as follows: Let the lines 
intersect at point O. The two points and 
the two slopes fix four of the five para- 
menters necessary to establish the conic 
curve. The fifth parameter is established 
by requiring the curve to pass through 
1 third point, C, called the shoulder con- 
trol point. Suppose C is reasonably near one 
of the lines OA or OB and inside the tri 
angle AOB. Draw lines AC and BC and 
iny line OM through O to divide angle 
AOB into two parts. Let AC and BC inter 
sect OM at D and E, respectively. Draw 
BD and AE to intersect at P, which is a 


required point on the conic curve. Other 
points on the curve are established by dif 
ferent choices of line OM. This construc 
tion is based on Pascal’s theorem. 

A family of conics can be constructed all 
tangent to two lines at two points on them 
but passing through different control points 
\djusting the control point to suit pai 
ticular conditions provides flexibility of de 
sign. Pascal’s theorm is the basis of other 
constructions to pass a conic through five 
points and to draw tangents to conics. Brian 
chon’s theorem is used if the six sides of a 
hexagon form a line conic. 

Calculations are preferred to graphical 
methods, especially for long body curves of 
shallow curvature. The analytical approach 
is also preferred for matching conics. Both 
the tangents and the curvatures of two 
conics to be joined are made equal at the 
junction point. Thus both the first and 
second derivatives are alike and the two 
curves join with no abrupt change 


Are Patents Being Suppressed? 


From "The Suppression of Patents," by Alex- 
ander Morrow in the Spring, 1945 issue of 
The American Scholar, page 210. 


THE AUTHOR, who is the market analyst 
of a large subsidiary of the National Dairy 
Products Company, acknowledges that there 
are two opposing schools of thought on the 
suppression of patents, but maintains that 
the confusion results from using different 
definitions of patent suppression. Outright 
suppression is not very prevalent; Mr. Mor- 
row defines suppression in the broader 
sense—as “the non-employment of inven- 
tions because of various social and economic 
factors.” 

Before examining the question under dis 
cussion, we are given a description of the 
privileges to be derived from the granting 
of a patent. The patentee is granted a 
monopoly on his patent idea for seventeen 
years; this is tantamount to society grant- 
ing the inventor exclusive rights for a 
limited period, as a reward for his having 
permanently enriched the useful arts and 
sciences. In this connection, American patent 
law differs from that of most foreign coun- 
tries. In our country the law supports the 


patentee’s right to refrain from working his 
patent. Most foreign countries have pro 
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visions in their patent laws which make the 
validity of a patent contingent on the 
patentee making use of his patent. Ameri- 
can court decisions have upheld the right 
of owners of patents not to work their 
patents; they have also declared illegal the 
use of such patents by non-owners. 

Various economic and social factors con- 
tribute, to the suppression ot patents, as 
defined by Mr. Morrow. Greater suppres 
sion of patents occurs in those industries 
having limited competition; less patent sup- 
pression is likely to occur where vigorous 
competition exists. Mr. Morrow cites sev 


eral examples of patent suppression based 
on economic motives. Other kinds of “sup 
pression" result from “the unresolved patent 
deadlock, alternative patents, resistance to 
the discarding of industries and skills, and 
the failure of an invention to meet demand 
in a given social situation.” 

Patent difficulties may arise where related 
patents must be used if an idea is to be 
effective, but different people own each one 
of the necessary patents. An example of 
this is a patent for an automobile radio 
antenna which cannot be used because the 
owner of an unbreakable windshield glass 
patent, which is necessary in the manu- 
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facture of the antenna, will not grant the 
antenna patentee the right to use his patent. 

Alternative patents—the situation where 
a company will buy up all possible ways of 
performing a particular operation—present 
another method of wasting patents. Al 
though the question of depriving the public 
of a superior product or service does not 
enter in, Mr. Morrow claims that such prac- 
tices enable a company “‘to achieve a monop 
olistic position in an industry.” 

Resistance on the part of some industries 
to scrap existing equipment because of cost 
is given as another factor which retards the 
use of new inventions. An example given 
is that of cotton mills which were still using 
a considerable proportion of non-automatic 
looms, because of reluctance to scrap equip 
ment before it was physically deteriorated. 
Standardization may be introduced too early, 
thus introduction of superior equipment may 


Aluminum 


Foreign Abstract condensed fiom an article 
by A. Deck in Technische Rundschau, Oct. 6 
and 13, 1944. 


ALUMINUM-ALLOY BEARINGS introduced in 
Switzerland even before the war, have re- 
cently been developed to a considerable de- 
gree. Alloys La 11, containing magnesium 
and zinc in small quantities, and La 31 with 
8 percent tin, and copper, nickel and mag- 
nesium additions, are medium hard, have 
good operating characteristics and resistance 
to edge pressure. La 31 is the superior alloy, 
requiring a general running-in. Its surface 
cannot be highly finished. A classical-type 
alloy with hard Si-particles in a softer matrix, 
La 21 with copper and nickel about 6 per- 
cent and containing some Mn and Mg, is 
a high-strength bearing alloy of excellent 
performance characteristics and low coefh- 
cient of thermal expansion (about equal 
to bronze). Its edge-pressure resistance is 
lower than that of the other alloys. These 
bearings are mainly employed as solid or 
split bushings, produced as castings, from 
tubes, or rods. 

Fig. 1 shows hardness of aluminum bear- 
ing alloys in comparison with a «in-base 
white metal up to 392 deg. F. Effect on 
the steel journal is only slight for La 11 
which may sometimes leave a thin layer 
of Al on the steel, La 21 sometimes scores 
the shaft. 

Tests under forced-oil lubrication on 
bearings with an internal diameter of 2 in., 
0.16-in. wall, and 14 to 24-in. length, 
showed that a maximum load of 2.6 tons 
was unable to cause a break-down. There- 
fore }-in. specimens were run under loads 
up to 116,300 Ib. per sq. in. at 2,000 
r.p.m. or 1,520 surface ft. per min. with- 
out any trouble. Test temperature was 
maintained at 212 to 250 deg. F. through- 
out and load was applied with increments 
of 710 to 1,320 Ib. per sq. in. from 1,420 
Ib. per sq. in. until breakdown. In diagram 
Fig. 2 average maximum loads are given 
in comparision with other bearing materials. 
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be prohibitive in cost. In one company, it 
took a change in 48,000 automatic machines 





to change the position of a single bolt hole. 
Factors which determine how resistant an 
industry is to change are: Overhead expense, 


ease of financing new equipment, regulari- 


zation of production, rapidity of expansion 
in that industry, and the level of wage rates 
relative to other costs. 

It has not been management alone which 
has opposed introduction of new processes. 
Mr. Morrow gives an example where a labor 
union insisted on working conditions which 
made the use of a new invention impractical. 
Such organizations have opposed the intro- 
duction of labor-saving devices since the 
early days of the Industrial Revolution. As 
Mr. Morrow points out, the problem of 
patent suppression is far from simple; it 
"relatés more fundamentally to the pecuni- 
ary and social cost of change.” 


Bearings 


In these tests, using optimum finish, alu- 
minum alloys were found to have better 
running-in properties. 

Light metals have better cold-working 
properties, a high capacity for oil adsorption 
and good heat conductivity. Under condi- 
tions of interrupted oil flow and emergency 
running-in, tin-base and bronze alloys are 
superior and La 21 is better than La 11 
and La 31. But the aluminum alloys are 
quite adequate where emergency service 
conditions may be encountered. Under drv 
friction aluminum performed as well or bet. 


Aluminum 


v 
9 
© 
£ 
p 
9 
= 
o 
> 
= 
5S 
Ù 
ac 


Temperature, Deg. F 





Fig. |—Relative hardness of different 
aluminum bearing alloys and a tin-base 
white metal at temperatures up to 400 
deg. F. 


Pressure. Ib per sq. in 


— 


Aluminum 





Fig. 2—Limiting pressures for different 
bearing materials. (H. T. = heat- 
treated.) 
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Fig. 3 — Michell bearings for heavy 
loads on steam turbines, using plates of 
an aluminum alloy with 8 percent tin, as 
well as copper, nickel and magnesium. 


ter than the best bronzes. Field tests have 
shown exceptional resistance, one bearing 
operating 16 hr. per day for 10 years with 
out any trouble. Usual bearing pressure 
was 85 lb. per sq. in. with peak loads of 
three times that value. At low speeds 
these bearings received little lubrication. 
The Swiss Federal Railroads operated sev. 
eral freight cars on aluminum bearings 
under a maximum surface load of 910 Ib. 
per sq. in. and speed of 600 ft. per min. 
The steel axle had an ultimate tensile of 
78,000 Ib. per sq. in. In this service alumi- 
num bearings have been superior'to tin-base 
bearing metal linings. 

Adolf Saurer A. G., manufacturers of 
heavy trucks and buses, have for three years 
used La 31 alloy on the main and con- 
necting rod bearings in diesels. Experience 
has been excellent, and bearings will con- 
tinue in use, their great heat conductivity 
is a particular advantage in these high-speed, 
high-output engines. 

Junker and Ferber developed similar bear- 
ings independently, and installed them in 
auto engines of all types. They use an 
alloy similar to La 31 for gudgeon pin and 
camshaft bearings. Brown, Boveri use La 
31 in Michell bearings on steam turbines, 





Fig. 4—Bearing design: Edge pressures 
are produced in long bearings A and 
D when the shaft is bent in service. 
shorter bearings are placed at closer in- 
tervals, shaft becomes stiffer and edge 
pressure is reduced, loading capacity 
is high, as in B. Long bearings are bes! 
divided into two, C, or relieved at the 
center E. Similarly when journal is in- 
clined, design G is preferred to F, as it 
avoids edge pressure. 
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Fig. 5—Relationship between length 
and loading capacity of bearing with 
a 1.56 in. dia., under surface speed of 
200 ft. per min. 
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Fig. 6—Superior heat conductivity of 
aluminum is used in this design for 
heavy-duty service and limited oil sup- 
ly, the d expansion keeping the 
— surface well cooled. 


Fig. 3. These segments stand up to 12,800 
lb. per. sq. in. at 6,000 ft. per min., as 
well as the heavy starting loads of steam 
turbines. If the La 31 alloy breaks down, 
it will not affect the soft and polished 
steel journal, as an easily removable alu- 
minum film is formed. 

Used in the main spindle of lathes under 
very little clearance, in electric motors, 





rolling mills and grinding machinery, alu- 
minum bearings have always been entirely 
satisfactory. A flywheel bearing, 3.15 in. 
dia. and 6.3 in. long, when made of bronze 
with a ring lubrication system, had to be 
frequently replaced because of corrosion 
failures. When substituted by La 31, the 
bearing ran 16 to 24 hr. a day for a year 
without trouble. 

The highly corrosion-resistant La 11 alloy 
has good oil adsorption and is relatively 
cheap. La 21 is suitable for vibratory loads, 
its thermal expansion is equal to that of 
bronze. It operates well under conditions 
of marginal lubrication, can stand up to 
high temperatures in an emergency. La 31, 
easily run-in and resistant to edge pressure, 
has no undue tendency to seize even under 





Fig. 7—Aluminum-alloy bearings set in 


cast iron. Where room-temperature 
clearance is too small, A, bearing seizes 
at operating temperature, B. If clear- 
ance is adequate, operation is satisfac- 
tory in service, C and D. 





Table I—Mechanical Properties of Aluminum Bearing Alloys 








Iu. 0.2% Yield Ultimate Elonga- 
Specific Strength, Tensile tion, Brinell 
Gravity lb. per sq. in. Ib. per sq. in. percent hardness 
l. Cast material: 2 
ENIM. uer la - f. 19,000- 34,800  44,000- 56,800 4-12 35-45 
1\HT*.... ... f°*" \ 47,200- 63,200 56,800- 76,000 1-4 60-85 
La 21 (NHT* e 1» os! 56,800- 80,000 60,000- 89,000 1-3 100-120 
\HT a "^1 80,000- 98,000 86,000- 98,000 0.5-3 120-150 
La 31 'NHT* TEE gs \ 22,000- 31,600 44,000- 60,000 3-8 40-55 
\HT . J5} 47,200- 70,000 60,000- 76,000 0.5-3 65-80 
2. Wrought material: 
La 11 [NHT ; . 142 í 19,000- 28,000 44,000- 60,000 14-22 35-50 
IHT*... * 52,000- 63,000 70,000- 80,000 10-15 65-85 
La 21 fNHT.... a g | 44,000- 60,000 63,000- 76,000 2-4 80-100 
IIS LLL Los: T 92,000-107,000 108,000-120,000 0.2-1.5 130-150 
La31 NHT......... 2.85 28,000- 41,000 50,000- 63,000 6-12 45-60 


*——sá ia ——Á M 


*Qu 


Qualities recommended. NHT = not heat treated. HT = heat-treated. 
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Fig. 8— Design and location of oil 
grooves: A, sharp edges are objection- 
able. B, grooves in loading area re- 
duce loading capacity. C, and D, satis- 
factory design. E, design used when 
all the available area is under load. 


minimum lubricating conditions. 

Bearings are best finished on diamond or 
carbide tools, using minimum feeds. Jour- 
nals of any ferrous material, are fine-ground 
and lapped. Surfaces can be smoothed 
finally by running-in. Where bearings can- 
not be placed accurately in a machine, sur- 
face roughness engendered by scraping can 
be an advantage. Scraped La 11-bearings 
broke under 2,410 lb. per sq. in. A diamond 
turned sample did not carry loads above 
2,130 lb. per sq. in. Machining of these 
bearing alloys is not difficult, if clearance 
and rake of the tool, speed (about 1,250 
to 1,550 ft. per min.) and cutting angle 
(about 45 deg. for high speed and 75 deg. 
for carbide) are correct. 

Aluminum-alloy bearings can be incor- 
porated into any lubrication system. Oil 
is preferable to grease, pressure feed is 
recommended. Oil, led into the bearing 
by grooves which expand in the direction 
of rotation, will produce an automatic pres- 
sure lubrication system. Even if the supply 
is below the level of the bearing, oil will 
be sucked in and a vacuum of 0.2 to 0.3 
at. can be set up, which corresponds to 
a 3 m. oil column. 

Grease lubrication is only used for loads 
up to 280 lb. per sq. in. Oil grooves, 
never placed near points of loading, influ- 
ence the loading capacity. Their edges are 
always well rounded to leave the oil film 
uninterrupted. Bearings of secondary im- 
portance, that operate at temperatures below 
140 deg. F. and use a non-corrosive lub- 
ricant, can be replaced by aluminum bear- 
ings without design modifications. The 
loading capacity of bearings for high load 
or temperature service is increased by mini- 
mizing edge pressure and allowing for ther- 
mal expansion. 

Modern practice recommends a lenth-to- 
diameter ratio of 0.5 to 1. Designs, Fig. 
4, conform with the requirements of graph, 
Fig. 5, to reduce edge pressure. As the 
design is specified for room temperature 
and adequate clearance at operating tem- 
perature is the criterion for the success of a 
bearing, the rate of thermal expansion of 
the materials in the housing, shaft and 
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bearing must be taken into account. Recent 
practice calls for the locating of oil grooves 
at the juncture of split bearings. 

La 11 can be used up to 212 deg. 
without and up to 285 deg. F. with heat 
treatment. Limits for La 21 are 200 and 
350 deg. F. respectively. The high heat 

onductivity of aluminum makes these bear 
ings safer, but gaps, insulating shims inter- 


fering with the free flow of heat must be 
avoided. Fig. 6 shows a design which 
utilizes the high heat conductivity of alu 
minum. Satisfactorily finished bearings and 
fittings can be installed and operated under 
full load without running-in. If the bearing 
surface is poorly finished or if there is a 
danger of edge pressure, careful running-in 
will be requir ed. 


Characteristics and Uses of Greases 


From "Greases — Their Characteristics and 
Uses," in Lubrication, August, 1945, p. 79, pub- 
lished by The Texas Company, 135 E. 42nd St., 


New York 17, N. Y. 


GREASES are an intimate dispersion of soap 
and oil resulting from the application of 


heat and agitation. The properties of 
greases are basically determined by the 
type of metallic base used in the soap. 


These properties are also modified by the 
atty material saponified with the metallic 


base, and the oil used. The great majority 
of the greases sold today are of seven types, 
depending mainly on the metallic base used: 

l. Calcium soap base or cup grease. 

2. Calcium resinate soap base or 
grease. 

3. Sodium soap base—general. 
Sodium soap base—brick grease. 
Aluminum soap base grease. 
Lithium soap base grease. 
Mixed base greases. 


axle 
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In former years, machinery could be 
lubricated. satisfactorily with comparatively 
few and simple greases. The demands of 
modern machinery, however, are so exact 
ing that today many grease manufacturers 
supply well over a hundred different 
products. With few exceptions, all of them 
fall into one or another of the aforemen 
tioned seven categories. Which members 
of a group should be used depends on type 
of service desired, viscosity, quality, eco 
nomics and method of application. 

The general characteristics of the seven 
types of greases are listed in the accompany 
ing table. An outline of their properties 
will also be useful. 

The most important single property of 
i grease is that it is a plastic or semi 
solid material. Soap, the plasticizer used in 
greases, not only serves as a “thickener” but 
contributes materially to the properties of 
the grease. The two most widely used 
are the calcium and sodium soaps. 

The consistency of greases usually vary 
from soap thickened oil which are fluid at 
room temperature to brick type greases so 





General Characteristics of Greases 











Group no. l 2 3 4 5 6 7 
Soap base Calcium- Calcium- Sodium Sodium — Lithium Mixed Base 
General Resinate General Brick Type ’ Sodium-Calcium 
Texture Butters Buttery Fibrous or Hard-Brittle Some Buttery Buttery to Fairly Buttery 
Smooth Some Stringy Stringy to fibrous 
never fibrous 
Dropping point 220-225? F 275" FF. 300-450? F. 300-450? F. 200? F. 400? F. 315* F. 
(approx.) 
Condition after Separates See Foams at 200° F. No change if No change Changes texture No change if No change if 
heating above remarks below Separates on pro- worked upon cooling but worked worked 
melting point & longed heating does not separate 
cooling above melting 
point or below. " 
Maximum con- 175? I 200° F. 300—400° F 300-450° F 200° F. (See re- 300° F 300° F. 
tinuous useable marks below) 
temperature 
Effect of water Resistant Resistant Susceptible Susceptible Resistant Resistant Susceptible 


Resistanceto Fair to poor Fair to poor Excellent to poor : air to poor Fair to poor Excellent to Excellent to poor 


softening upon Varies greatly Varies gre atly poor (Varies (Varies greatly with 
working with composi- with composi- greatly with composition) 
tion tion) composition) 
Primary use General purpose Rough heavy Ball and roller Driving journals Special applica- Aircraft lubri- All types ball and 
industrial lubri- bearings — oper- bearings oper- of locomotives tions where re- cation at tem- roller bearings, and 
cant for plain ating at slow ating at low to and similar bear- sistance to centri- peratures down special applications 


at both high and 


low temperatures 


fugal force or ad- to -100° F. 
hesiveness is de- 


lubricated 
brick 


bearing and line speeds. also skids, medium speeds, ings 
shafting track curves, and and light towith 


wagon wheels. heavy loads; also greases. sired. depending upon 
on wheel bearings make up. 
and chassis of 
automobiles. 

Remarks Certain greases Usually used Water suscepti- Usually applied These greases Offer great Mixed base greases 
stabilized with where cheapness bility probably directly against change texture promise as are a combination 
high boiling is major factor. greatest limita- revolving upon heating and general pur- of two or more 
chemicals instead tion, but offers journal. upon cooling. pose greases. types of greases. 
of water have rust protection. Therefore, thev The most outstand- 
higher dropping Short fibred or are not recom- ing example !$ 
points, can be smooth textured mended for use sodiu m-calcium 
ised to higher greases used on above 150° F. soap base greases. 


temperatures 
They return to a 
homogeneous 
state upon cool- 
ing after being 
melted. 


anti-friction 
bearings, long 
fibred greases 
recommended for 
chassis lubrica- 
tion. 


properties of which 
resemble character- 
istics of major com- 
ponent. 


— — — — — — — — — — — — — — — — — — — — 


Propuct ENGINEERING — FEBRUARY, 


1946 








hard that they must be cut with a knife. 
Consistency is defined as the relative resist 
ance of a grease to permanent change in 


shape. The most commonly accepted 
method of testing this property is the 
A. S. T. M. penetration test. In this 
method the depth (measured in 1/10 mm.) 
to which a cone of standard shape and 
weight penetrates a grease in 5 seconds 
at 77 deg. F. is termed the penetration 
of that grease. 

Properties of greases vary with the 
amount of use to which they are put 
In view of the tendency for greases to 
change somewhat in consistency as a result 
of standing and “working,” the A.S.T.M. 
has developed à "worker" which consists 
of a closed cup, in which the grease is 
placed, and a perforated disk plunger. The 
plunger is forced up and down through the 
grease for 60 times. The penetration is 
then determined in the regular manner. 
The penetration of softer grades of greases 
is usually reported on a worked basis, 
while the brick type is treated on an 
unworked basis. 

The National Lubricating Grease Insti 
tute has developed a classification system 
for pliable greases, which is generally ac 
cepted by both manufacturers and con 
sumers. This system is based on the worked 
penetration: 





A.S.T.M. Worked 


N.L.G.I. No. P / 
enetration 
0 355-385 
l 310-340 
2 265-295 
3 220-250 
4 175-205 
5 130-160 
6 QS 115 


ee 


Another factor to be considered in select 
ing lubricating greases is their chemical 
stability in storage and use. Where severe 
oxidizing conditions are anticipated, in 
hibited greases are necessary. ‘The — 
of greases, promoted by heat, light and : 
can be measured by two general aia 
static or dynamic oxidation tests. ‘The 
—* is employed where conditions of 
storage are anticipated; the latter simulates 
actual use. The most commonly used static 
test is the Norma Hoffmann Oxidation 
Test, in which a pressure drop correspond 
ing to the amount of oxygen consumed in 
a “bomb” containing the grease, is used a 
an index of oxidation. An effective — 
oxidation test has been developed by the 
Texas Company. 

Separation of free oil from grease, com 
moniy called “bleeding”, is not objection 
able if it occurs to a limited extent. 

When heat is applied to greases, they 
soften gradually, and the temperature at 
which a grease ‘becomes ‘ ‘liquid” is difficult 
to define “clearly. Many methods have been 
devised to determine their melting point 
(called the “dropping point” in accompany 
Ing table), but the A.S.T.M. method is 
accepted as standard. In this method, the 
temp iture of a grease sample in a cup i 


raised at a standard rate, and when the 
grease is fluid enough so that one drop 
falls through a hole in the bottom of the 
cup, the temperature is noted. It should 
be noted, however that the dropping point 
is not necessarily a measure of the maximum 
temperature at which a grease can be used. 

Oil components of greases can have vis 
cosities ranging from light spindle oils to 
cylinder oils. Whether the oil is naphthenic 
or paraffinic depends on type of service, 
cost, or texture of the final grease. Where 
heat resistance is a consideration, well re- 
fined oils that are resistant to oxdiation 
should be incorporated. For low temper- 
iture lubrication, a low viscosity oil com- 
ponent should be included. 


Instability of Extrusions 


From "Instability of Extrusions Under Com- 
pressive Loads" by Walter Ramberg and 
Samuel Levy, National Bureau of Standards, 


published in Journal of the Aeronautical 
Sciences, October, 1945, 


A PORTION of a research program, is de- 
scribed, that deals with the compressive 
strength of open section extrusions. The 
program is being conducted at the National 
Bureau of Standards with the cooperation of 
the Bureau of Aeronautics, Navy Depart 
ment. The purpose of the program is to 
compare experimentally and theoretically 
determined buckling loads for extrusions 
used in aircraft construction and to compare 
strength-weight ratios for extrusions of dif- 
ferent shapes. 

The first part of the program, dealing with 
the strength of extrusions without support 
ilong their length, has been completed. 

Critical compressive stresses are com 
puted and compared with measured values 
for 26 different aluminum-alloy and mag 
nesium-alloy extrusions. 

Critical stresses for local instability are 

computed, considering the flanges as plates 
of uniform thickness “rigidly clamped along 
one edge. Critical stresses for primary in- 
stability are computed from Kappus’ theory 
of torsional instability, taking account of the 
stiffening effect of fillets and the effect on 
the torsion bending constant of bending 
stresses varying across the thickness of the 
wall. An estimate of the effect of plastic 
vielding is made by reducing the critical 
stresses in the ratio of reduc ed modulus, for 
a column of rectangular section, to Young’s 
modulus. 

Measured and computed critical stresses 
for 120 of the 125 specimens differed less 
than 5,000 pounds per square inch. 

Comparison of strength-weight ratios for 
buckling and for failure show that in gen 
eral the Z-sections are most efficient. 

A procedure is outlined for calculating 
buckling stresses of unsupported extrusions 
of one material from measured buckling 
stresses of similar extrusions of a different 
material. The procedure is checked by com- 
paring calculated buckling stresses with 
measured buckling stresses for extruded T- 
sections, L-sections, and Z-sections of sev 
eral aluminum and magnesium alloys. 
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ENGINEERING ABSTRACTS 


Magnesium Alloys 


From "Influence of Prestressing and Cyclic 
Stressing on Stress-Strain Characteristics of 
Magnesium Alloys," by F. A. Rappleyea, R. E. 
Perry, and G. Ansel, published in Journal of 
the Aeronautical Sciences, October, 1945. 


[HE STRESS-STRAIN CURVE conveys to the 
designer much information that enables 
him to use a metal effectively. Since the 
shape of the curve may be affected by cold- 
work or plastic deformation, it is of interest 
to determine the effects on service character- 
istics of forming operations during fabri- 
cation or of accidental plastic deformation 
in service. This paper presents such in- 
formation for magnesium alloys. 

In addition to the factors that produce 
Bauschinger effects, the stress-strain curves 
of magnesium upon prestressing or cyclic 
loading are influenced by the mechanisms of 
slip and twinning. 

Data on the influence of prestressing and 
cyclic loading of magnesium-alloy sand cast- 
ings, magnesium-alloy extrusions, and high- 
strength magnesium-alloy extrusions are pre- 
sented. The effects of recovery on the 
stress-strain curve are covered. The results 
are analvzed, and recommedations are made 
for coping with the few problems caused by 
prestressing or cyclic loading. 

Experimental results demonstrate that: 

l. In service, cyclic stressing at stresses 
up to the yield point will result in no harm- 
ful effects on the magnesium structure. 


Accidental precompression loading of 
a magnesium-alloy structure beyond the 
yield strength is not detrimental to the 
strength of the structure upon reversal of 
stress. In accidental pretension, immediate 
subsequent column action results in strengths 
slightly lower than the design values. 


Any deleterious effects caused by form- 
ing or fabrication can be eliminated by appro- 
priate treatments. 


4. Operations such as stretching have a 
beneficial effect on alloys of the Dowmetal 
FS-1 and J-1 type both in tension and com- 
pression yield. In Dowmetal O-1HTA, 
stretching decreases the compression yield. 
Properties may be completely restored by a 
low-temperature thermal treatment. 


Fatigue Values 


From "Work Hardened Surfaces. of Fatigue 
Specimens," by Frederick C. Hull and H. R. 
Welton, Mefal Progress, Dec. 1945, page 1287. 


THE EFFECT of specimen preparation in 
work-hardening is discussed. While metallo- 
graphic polishing has only a slight effect, 
machining produces surface hardening down 
to a depth of about 0.005 in. Hardness 
increase can be minimized by reducing 
cuts in steps to a finish of 0.002 in. and 
following with the removal of about 0.005 
in. on metallographic papers. Test results 
on specimens prepared without these pre- 
cautions may be misleading, as the thin sur- 
face layer frequently registers hardnesses 80 
points Vickers about the core material. 
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In addition to the methods presented in the January issue, other methods 
are in constant use. Some of these, utilizing air, magnetism, and 
hydraulics as a source of power, are described and illustrated below. 


FIG. 1 — Compressed air enters the diaphragm at (A) and actuates rod and 
pin (B), connected to linkage (C) which applies the shoes to the wheel. 


FIG. 2 — Armature plate (A) is held away from magnet (B) by operating 
spring (C) which provides the necessary pressure between the brake shoes 
and the wheel. When the magnet is energized, the armature plate is pulled 
up to the magnet against the spring pressure, which releases the brake. Air 
diaphragm (D), to which a compressed air line is attached, aids in pulling 
the armature plate up to the magnet against the spring pressure when the 
brake is released. 


FIG. 3 — Sketch I represents the application valve in the released position. 
Exhaust check valve (A) is open. Inlet check valve (B) is seated. The 
inlet chamber is under pressure through port (C) which is connected to 
the air reservoir. The application side of the system is open to atmosphere 
through port (D). When the brake pedal is depressed, pressure is applied 
by the valve actuating linkage to metering spring plunger (E), plunger 
movement causes metering spring (F), piston (G) and diaphragm (H) 


See sketch IT”; 


“Application 


‘Jo other power 7o air-- 
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METHODS OF ACTUATING BRAKES— 
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The Electric Controller é Mfg. Ce. 


--Fiston (G) 
Metering spring (F) 
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PNEUMATIC, MAGNETIC AND HYDRAULIC 








"See sketch IT 


Power cluster 
To air 


— FIG.4 
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Sketch II ! 
| L— Armary cup (EE) 
Hydraulic piston assembly (DD) 





* 
Piston return 
spring (CC) 


to move downward closing exhaust check valve assembly (A) and forcing 
inlet check valve assembly (B) from its seat. This admits air pressure to 
the application side of the system through port (J). As the brake pedal is 
further depressed, reaction or balance takes place in the application valve 
assembly. The air pressure on the application side of the system forces 
diaphragm (H) upward, compressing metering spring (F) and allowing 
check valve return spring (K) to move inlet check valve assembly (B) 
upward to its seat. In this position the application valve assembly holds 
the applied air pressure constant until the brake pedal is further depressed 
or released. ‘The air power cylinder assembly (Sketch II) converts the 
energy contained in compressed air into mechanical force which, through 
linkage, expands the brake shoes. Sketch II illustrates the power cylinder 
assembly in the released position. When the air pressure is admitted 
through the inlet port, piston cup (A’) seals against the cylinder wall. 
Piston and rod assembly (B') moves forward, compressing piston return 
spring (C’) and actuating the brake linkage which is attached to piston 
tod clevis (D’) by clevis pin (E’). When the applied air pressure is 
released, piston return spring (C') forces piston and rod assembly (B’) 
to its released position. Atmospheric pressure is admitted and expelled 
through breather port in assembly (G’), passing through filter (F’). 





l^ 
Check va/ye 


Laston return spring (FF) 


Piston (G)  Mefering spring (F^) 
- — Mefering spring plunger (E^ 





5 — Check valve 
I spring (K*) 
Unlet check valve 

\ assembly ( B") 


\— Exhaust check va/ve 
assembly (A") 






Sketch I 


FIG. 4 — Sketch I illustrates application valve assembly 
in the released position. Exhaust check valve assembly 
(A") is open. Inlet check-valve assembly (B") is seated. 
The inlet chamber is under pressure through port (C") 
which is connected to the air reservoir. The application 
side of system is open to atmosphere through port (D"). 
When brake pedal is depressed, pressure is applied by 
valve actuating linkage to metering spring plunger (E"), 
plunger movement causes metering spring (F”) piston 
(G”), and diaphragm (H”) to move downward closing 
exhaust check valve assembly (A”) and forcing inlet 
check valve assembly (B”) from its seat. This admits air 
pressure to the application side of the system through port 
(J”). As the brake pedal is further depressed, reaction or 
balance takes place in the application valve assembly. The 
air pressure on the application side of the system forces 
diaphragm (H”) upward, compressing metering spring 
(F”) and allowing check valve spring (K”) to move inlet 
check valve assembly (B”) upward to its seat. In this 
position the application valve assembly holds the applied 
air pressure constant until the brake pedal is further 
depressed or released. The power cluster (Sketch II) 
provides a predetermined top operating hydraulic line 
pressure. The power unit is illustrated in the released 
position. When air pressure is admitted through the air 
inlet port, piston cup (AA) seals against the cylinder wall. 
Piston and rod assembly (BB) moves inward, compres- 
sing piston return spring (CC) and contacts hydraulic 
piston assembly (DD). As the air pressure is increased, 
hydraulic assembly (DD) and primary cup (EE), which 
seals the hydraulic cylinder, moves inward closing the 
by-pass port and compressing piston return spring (FF). 
This begins the hydraulic pressure stroke, and fluid under 
pressure flows through check valve assembly (GG), into 
the hydraulic line. When the applied air pressure is 
released, piston return springs (CC and FF) force piston 
and rod assembly (BB) and piston assembly (DD) to 
their released position. The air pressure is exhausted 
through the exhaust port of the air brake valves. Hydraulic 
fluid, under pressure, returning through the lines raises 
check valve assembly (GG) from its seat, allowing the 
fluid to flow through the by-pass port into the fluid reser- 
voir. Atmospheric pressure is admitted and expelled 
through the air cylinder breather port. 
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Hard-Facing Materials 
To Improve Product Performance 


A. T. CAPE 
Vice President, Coast Metals, Inc. 


Selection, composition, treatment and properties of hard-facing 


materials are described, together with a number of case histories 


which illustrate the possibilities of these new overlays for improving 


performance, life and cost of products. 


Durinc the past few years increasing atten- 
tion has been devoted to the improvement 
to in 
crease wear and corrosion resistance at nor- 
mal and elevated temperatures. Service con 
ditions determine the particular surface treat 


of surfaces of metal parts in order 


ment selected, whether cladding, plating, 
metallizing, infusion or welding. 

Hard-facing or welding a special alloy over 
lay to steel, cast iron or even chilled iron 
parts at exposed points extends useful service 
life considerably. The base metal is protected 
against impact 
stresses. Facing alloys are unusually hard and 
resistant to temperature, but lack strength 
and ductility. 

The success of overlay welding for sur- 
face protection depends on the strength of 
the bond between base metal and facing. 
In hardfacing, the fusion between the alloy 


wear, temperature and 
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(^) Improved wear resistance of this pug-mill knife is in- 


dicated by the dotted line which shows the edge of the 
knife before it was put into service. The tip, faced with 
an iron-base, high-carbide bearing type hard-facing alloy 


withstands the wearing action of an abrasive clay. (B) The 
lower of the two shredder knives was coated with a high 





welding rod and the molten surface of thc 


base metal produces a transition zone, in 


which intermediate allovs bind base metal 


and facing strongly together. 


There are cssentially four distinct 
of hard-facing alloys 

l. Wear resistant; 

2. Wear and impact resistant; 

3. Wear and 
temperatures; 

4. Temperature and corrosion resistant. 

The greatest resistance to wear is obtained 
either by using a weld rod in which tung 
sten-carbide particles are embedded in a 


sroups 


5 


impact resistant at high 


matrix or a so-called “homogeneous 
material.” Here the iron-base hard-facing 
material, cast from the molten state, is high 
in carbon content, (over 4 percent ), and 
contains sufficient alloys, usually chromium 


hard matrix 


steel 


and molybdenum, to 


give a 
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filled While inher- 
ently this material does not possess the ex- 
tungsten carbide, the 


with massive carbides. 


treme hardness of 
combination of a strong matrix with pr 
cipitated carbides of a lesser hardness gives 
excellent life. Deposits are smoother and, 
in general, more easily applied. 

Iron-base, high-chromium, medium-nickel 
loys which may also contain molybdenum 
and sometimes, though not as satisfactorily, 
tungsten, are used for general purpos 
Where wear resistance is the more im 
portant function the carbon-content of the 
material is boosted, where impact is the 
primary stress and abrasion resistance is a 
secondary requirement, carbon is kept lower. 
Manganese-steel 
work-hardening austenitic or semi-austenitic 
materials are less expensive for wear-resist 
ance applications. As cold work transforms 
the austenite to martensite, wear-resistance 
increases, but even with equal indentation 
hardnesses, Rockwell C, the lower-carbon, 
alloy-steel type of hard-facing is markedly 
inferior in wear resistance to the cast-type, 
high-carbon facings. 

Temperature resistance in addition to 
wear and impact resistance is obtained with 
cobalt-chromium-tungsten alloys. In engines 


welding rods and other 


iron, high-carbon type hard facing, the upper knife was 
made from special alloy steel. 


The solid tools, costing 


90 cents and having a service life of 6,700 hr., compared 
with a cost of 55 cents for 20,000 hr. service of the coated 


plain carbon knives. Thirty cents will recondition the sur 
face-treated knives. 
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Table |—Composition and Properties of Hard-Facing Alloys 


Approximate Chemical Composition, percent 





No. of 
\llovs C Fe Si Cr Ni Co 
l 4.25 Bal 4 IL ( 
4 25 Bal lf 
Z U 54 
i 15 7 
$0 Bal lf 
Bal IL 2 
7 Bal 2 7 
4 11 
20 Bal 24 12 
) 0.7 Bal j 
10 2.5 Bal 25 15 25 
1] 2.49 0 40 10 
12 1.25 27 3 
l t0 lé 2 
l4 Hastello: CHI 


*per deg. F. range 80-1,400 deg. F. 


Coefficient 
of Expan- 


Hardness 
- Rockwell 
Mo W W 


Properties 
of 


Deposits 


Dense, verv resis- 
tant to abrasion 





Hard, tough. Ex- 
cellent abrasion 
resistance 


Wear, impact and 
corrosion resistant, 
particularly at 

high temperatures. 


High wear, corro- 
sion resistance 


Tough, tile-hard. 
High impact 
strength, wear and 
abrasion resist- 


ance. 


Hard, tough, also 
at high tempera- 
tures. 


Wear and shock 
resistance. 


Soft and tough 
Forgeable, tough 


For constant and 


repeated loads at 
temperature. 





High temperature 
hardness, corr. and 
wear resistance 


Wear, impact cor- 
rosion resistance 
at elevated tem- 
perature. 





Others ( sion* x 10% 
37-62 9.4 
Q 1T 5 i 
14 34 35.0 
3-5 B 3-60 
t5 33 ) 4 
5 ^x 8 
0.5 B 62 
Q 35-45 9 4 
g 0-1 B 45-5 5 
8 12-47 7.3 
14 26 at 1,200 | 7 
28 at 1.400 ! 
1 40 ) 0 
N 32 60) 9 4 


Hard, moderately 
high temperature. 


Resistance to 
thermal shock 


— — — —ñ I — — — — —— — — —— — — — — —— — — — — 





lv pical 
\pplications 
Shafting, centerless grind- 
ing rests, cams, gage blocks. 
Forming stainless steel cold 
Excavating equipment; ce- 
ment mills; sand, shotblas- 
ting; digger teeth, bucket 
lips, hammer mills, jaw 

crushers. 

Press hammers, valve seats 
coal cutter bits, cams, mill 
knives 


shaft sleeves, li juid end 
rods, seal rings, thrust col- 
lars 


Brick, clay machinery; 
Muller tires; agricultural 
and processing equipment; 
steel mill applications. 


Valve ends, cams, mixer 
rolls, furnace and oven 
parts. 

Dipper teeth, drag chains, 


hot guides. 

Limited applications, chip 
crusher hammers, some 
others. 

Specially developed for hot 
shears. 

Steam valves, hot punches, 
soaking pit tongs, pump 
sleeves 





Valves in aircraft engines 


Bearings, hot shear blades, 
chuck jaws, bushings, draw 
rings. 


Large steel mill guides, hot 
slag, coke plant equipment. 
stripper tongs. 

Piercing. punches, forging 
dies and punches, hot shear 
blades. 


T ————————————————————————————— —————— ———————————————————————————————————————— 


where valves have to withstand the corrosive 
action of lead at high temperatures, the 
newer and superior nickel-chromium-tung- 
sten type alloys are often used. Iron-bearing 
alloys ‘ontaining high chromium, nickel, 
cobalt and molybdenum have the advantage 
of high temperature and wear resistance 
combined with moderate corrosion resistance 


and are particularly satisfactory for some 
applications, such as steam valves. 


The combination of resistance to wear and 


to temperature Changes, as in hot-shear 
knives, and various hot dies has been par 


ticularly difficult to attain. A new patented 
alloy with high iron, 3 percent chromium, 
3 percent nickel and 8 percent molybdenum 
combines good bonding characteristics with 


the ability to be intermittently in contact 


with steels at forging temperatures, to shear 
and forge them. The base metals must be 
tough enough to resist heavy stresses without 
deformation. The more expensive nickel- 
chromium-tungsten and cobalt-chromium- 


tungsten alloys not only withstand service 


temperatures, but also intermittent high 
loads and the abrasion of rubbing wear as 
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they occur in shearing or forming. The tem- 
perature of the work may be anywhere be- 
tween 1,200 and 2,100 deg. F. Nickel or 
cobalt-base metals need only be used when 
the hard-faced part operates continuously at 


high temperatures at about 1,200 deg. F. 
In intermittent operation these products do 
not usually become excessively hot, and the 
relatively low-alloy hard-facing is not only 
less expensive but gives longer life. 


Any ferrous material, cast, chilled or 


wrought iron, plain or alloy steel can be 
coated with these specia? alloys. It is gen- 
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Hard-faced hot-shear blade, giving 140 days service shearing up to 300,000 tons 
of steel and measuring 52 in. in length for use with a 44-in. blooming mill, com- 
pares with a life of 27 days for any all-tool steel blade. Low-alloy barddas 
with carbon under | percent is used in this application. 














Exhaust tail pipes for airplanes were cold-turned with these mandrels and balls, 
that are made from medium carbon steel and treated with a high-carbon, high- 
alloy facing. The bottom set is shown as welded, the top finish-ground. Hard- 
faced mandrels average 150,000 bends before reconditioning, as against 10,000 
bends obtained on tool steel mandrels. 
















These auger drills, used in the horizon- 
tal driving of blast holes in coal mining, 
cost $52.80 each. They are 6 ft. long 
and the flights are 6 in. in diameter. 
Each of these tools can be hard-faced 
for $15 which increases their life from 
3 to 5 times and permits recondition- 
ing. Where rock and heavy impact 
stresses are encountered, a lower car- 
bon-content facing is usually applied. 


erally preferable to use a plain-carbon base 
with 0.35 to 0.55 percent carbon. Lower 
carbon can be employed, if wear or abrasion 
alone is involved. Under load, steels with 
less than 0.40 carbon tend to “squash out.” 
Steels with about 0.60 percent C and the 
higher except stainless steels, 
can only be treated at the correct pre-heating 


illoy steels, 


temperature. Occasionally parts are heat- 
treated after hard-facing. Even a drastic 
quench has been applied, but is best avoided 


While subsequent machining is rare, most 
of the alloys can be machined with carbide 
tools and finish-ground, if necessary. 

Ihe hard-facing alloys depend on the 
rigid base to absorb bending moments or 
lateral tensile An application of 
about 4 to 5 Ib. of hard-facing alloy per sq. 
ft. of surface is usual. This deposit results 
in a layer about $ to s in. thick. In some 
rare cases the alloy thickness may reach $- 


stresses. 


in. Adequate clearances and generous radii 
are prescribed in design. No precise data 
can be given on this subject, as it is largely 
a matter of experience. 

Adhesion between overlay and base-metal 
in excess of most service conditions, 


is well 













if welding procedure is correct. Excessive 
loads cause fracture in the base metal or in 
the overlay, never in the bond zone. 

The relative expansion rate of the over- 
lay is important, especially where the hard- 
faced part operates intermittently at ele- 
vated temperatures. This effect is most 
pronounced where the overlay is austenitic, 
as the temperature-expansion coefficient of 
austenite is about 14 times that of ordinary 
steels. Partly austentic facings have an ex- 
pansion coefficient somewhere in between. 

The coefficient of friction of hard-facing 
materials is of special importance in valves, 
bearings, bushings and similar applications. 
Hard-facing alloys have low coefficients of 
friction when bearing against each other. 
In many applications, such as manually 
operated valves, galling comes into play. As 
the seating surfaces cannot be lubricated, 
opening or closing of valves would be im- 
possible unless galling is minimized or elim- 
inated. In mining and excavating, particu- 
larly where highly abrasive materials are 
handled, hard-faced, pillow-block-type bear 
ings are used. With bearings and journals 
hard-faced, no lubricants are required. These 
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bearings operate satisfactorily on heavy 
equipment at slow and medium speeds with- 
out lubrication. When finally worn, bear- 
ings can readily be reconditioned in the field. 

Table II gives the coefficients of sliding 
friction of a number of overlay alloys. Speci- 
men were prepared in the following man- 
ner: Fixed pieces, 4 in. long and 14 in wide; 
sliding pieces 14 in. square; hard-facing, $ 
in. thick on 4-in. steel plate. The four 
edges of the sliding piece were bevel ground 
to leave a surface of 1-sq. in. Both faces 
were then rough ground, followed by finish 
rrinding of the hard-face on a fine grinding 


5 


— — — — — — — — — 


Table !I-—Coefficient of Friction of 
Hard-Facing Alloys 








No. of | Coefficient of 
Alloy | sliding friction 

] | 0.10 

6 | 0.13 

8 | 0.099 

10 0.13 

11 0.12 

12 0.14 


S 
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wheel, diamond dressed for each piece. 
Samples were finally lapped to a true sur- 
face in lots of three, using —200 Carborun- 
dum powder and water. Washing and dry- 
ing of samples was performed equally 
carefully, using ether in the final rinse, after 
mounting pieces in the machine. Care was 
taken not to touch sliding surfaces at any 
time during the preparation of samples. 

The development of a new and better 
product growing out of hard-facing mainte 
nance practice is illustrated by the case of 
hot-shear blades for steel mills. These blades 
were formerly made from semi-high speed 
tool or other alloy steels. This technique 
was expensive, both in materials and manu- 
facture. As these blades had only a short 
life, it was attempted to salvage them by 
hard-facing. However, sensitive alloy com 
positions would not weld without elaborate 
precautions. 

After considerable experiments, a plain 
carbon steel blade with 0.40 to 0.50 percent 
carbon was designed with a facing of a spe- 
cial patented alloy, see illustration at top 
of page 136. The material was high in iron, 
containing rather small amounts of nickel 
and chromium, and a considerable portion 
of molybdenum with carbon below 1 per- 
cent. Shear blades surface-treated with this 
alloy have from four to fifteen times the life 
of the conventional type, depending on the 
type of steel cut with them. Service records 
show that a hard-faced shear blade cut 43,- 
000 tons of armor plate as against 8,000 
tons cut with a blade of high-grade 
chromium-vanadium steel. 

Another example of modern applications 
of hard-facing is that of the new Eatonite- 
treated valves for aircraft and automobile 





(A) The toughness of the austenitic hard-facing is exempli- 
fied by this hammer used for crushing glass cullet in a 
Surface-treated hammers stood 155 hr. of 
this extremely rigorous service under combined impact 
and abrasion as against 8 or 14 hr. for other steels. (B) 
Improved abrasion resistance at elevated temperature is 


Jeffrey mill. 


engines. Tetraethyl lead in high-compression 
internal combustion engines deposits lead 
oxides which react chemically with steel at 
temperatures above 1,200 deg. F. and cause 
severe corrosion. In late years engine output 
and operating temperatures increased until 
this critical temperature was exceeded and 
serious corrosion problems arose, especially 
at the valve and valve seat. Here problems 


of wear, hardness and sealing accentuate 


those of corrosion. 

To overcome these conditions, a hard- 
facing alloy now known as Eatonite was 
developed. It contains 2.25 percent carbon, 
30 chromium, 40 nickel, 14 percent tung- 
sten and 10 cobalt. This new material has 
254 Brinell at 1,200 deg. F. and 270 at 


1,400 deg. F. In corrosion-resistance the 


alloy almost equals that of the conventiona, 
nickel-chromium alloy, which suffers how- 


ever, severely under the abrasive action of 
the engine gases and which is too soft to 
stand up under the rapid load cycles at ele- 
vated temperatures. 

The new alloy is applied to the critical 
areas as a thin weld-overlay on the usual 
valve alloy, which is thus well protected for 
operations at high temperatures. Life of 
valves in service has improved by between 
200 and 300 percent. 

While this material was developed pri- 
marily for internal combustion engines, its 
high temperature strength together with its 
great resistance to corrosion by most indus- 
trial acids, offers varied possibilities for 
product design in a number of fields. 





These heavy Simpson tires coated with a high-carbon, high-alloy facing are used 
to recondition foundry sand. After a full year's service they are still in good 
condition for further operation, uncoated tires have a normal life of 3 months. 
Efficiency of operation of these mills has increased by 25 percent. 
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shown by these two tong bits. The right part is SAE 1025 
steel tipped with a high-alloy hard-facing and the left is 
a 0.90 percent C, silicon-manganese steel. These bits were 
put into service together for moving large ingots to and 
from the soaking pits. Removed for comparison after 2!/, 
hours service, the surface-treated bit shows no wear. 
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Design Analysis of Rotary Pumps 
To Obtain Maximum Efficiency 


WARREN E. WILSON 


Consulting Engineer 


Development of a design method for proportioning the parts and clearances of rotary 








pumps and fluid motors to obtain maximum efficiency for stated conditions of pressure, 


speed and viscosity. 


IT IS IMPOSSIBLE to design a rotary posi 
tive displacement pump, with fixed clearances 
and constant operating speed, that per 
forms at top efficiency pumping 
liquids that range in viscosity from that 


when 


of gasoline to that of heavy fuel oils. 
But it is still possible to design a pump 
the performance of which over a given 


range will be satisfactory, and the limitations 
of which outside that range can be predicted. 

A design method, applied here to a simple 
idealized case, is based on an elementary 
theory that describes the mechanics of the 
performance of a simple vanq tvpx pump OT 
fluid motor quite satisfactorily and makes 
possible the analysis of experimental data 
in a revealing manner. It should not be as 
sumed that the theory and design methods 
ire applicable to this type of unit only, since 
both are general in character and can be 
used with proper modifications for any type 
of rotary positive displacement pump or 
fluid motor. 

In the simple vane type pump shown in 
Fig. 1, the rotor carrying the vanes is driven 
it the angular speed N by the external driv 
ing torque T applied by some outside source 
of power. Liquid is drawn in the intake at 
the rate O gallons per minute and is trapped 
by the vanes. The vanes seal when they reach 
point H. The trapped liquid is transported 
by vanes until point J is reached. The liquid 
is then forced out by the action of the next 
following vane. After passing the release 
point the vanes are guided to clear the flow 
dividing member, which will be called the 
division plate. 

[his simple trapping and transporting 
iction of the vanes does not tell the entire 
story concerning the delivery of the pump, 
since the pressure difference between inlet 
md outlet results in a secondary fow that 
reduces the delivery. This flow is 
known as the slip. It will be assumed that 


amoniy 


the viscosity of the liquid is such that the 
flow in all parts of the unit is governed by 
the viscous forces. that is. the fow is laminar 
method 


and not turbulent. The design 
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theory that describes the mechanics of the performance of a simple vane type pump. 


applicable also, with suitable modifications, 
when the flow is turbulent, but it is prefera- 
ble to maintain the simplicity of the flow 
picture to illustrate the method without 
needless complication. To further simplify 
the analysis it will be assumed that cavitation 
does not occur. 

When the flow is laminar, the slip flow 
will be directly proportional to the pressure 
difference across the unit and to the cube 
of the clearance, and be inversely propor- 
tional to the viscosity of the liquid and to 
the length of the flow path. 

If the pump shaft is turned at constant 
speed there will be no angular acceleration 
and the external torque must be balanced by 
torques exactly equal in magnitude but op 
posite in direction of rotation. These re 
sisting torques are of two types. The first is 
the torque resulting from the difference be 
tween inlet and outlet pressures, p; and p, 
respectively. 

The inlet pressure p; acts on the vane 
face having an area A and can be considered 
concentrated at the center of pressure at a 
distance r from the axis of rotation. This 
pressure produces a clockwise torque of 
magnitude p;Ar that assists the external 
torque T in driving the pump. The outlet 
pressure p, also acts on a vane face of area A 
and produces a retarding or counterclock- 
wise torque of magnitude p,Ar. 

The second type of resisting torque results 
from both fluid and mechanical frictional 
resistance. The rotational motion of the 
rotor relative to the housing produces a 
shearing action in the fluid between the rotor 
ends and the housing end plates, between the 
vane tips and the housing, between rotor 
ind division plate, between vane tip and 
division plate, between the sides of the vanes 
and the end plates, and in the bearings. 

This shearing action results in a retard- 
ing torque that is proportional to the vis- 
cosity of the liquid, the speed of the parts 
sliding relative to one another and inversely 
proportional to the clearance between the 


moving parts. In addition there mav be re- 
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The analysis and equations derived are based on elementary 


tarding torques caused by friction between 
parts that rub and are not separated by a 
film of liquid of sufficient thickness to give 
thick film lubrication. The retarding torque 
under these circumstances is proportional to 
the pressure difference p, — p, or is a con 
stant depending upon the location of the 
rubbing surfaces. 

The facts set forth can be expressed in the 
form of equations that describe the action 
of the unit in terms of delivery O and torque 
input T, where 


V = revolutions of shaft per unit time 
D = displacement per revolution 
n geometrical constant of the pump 


d = clearance between the moving parts 
u = viscosity of the liquid 


C a geometrical constant of the pum; 

Te = constant mechanical friction torque 

G(P, — P 2 mechanical retarding torque 
proportional to pressure 
differential 

Q = DN — B(po — p:i)®/m (1 

T = (po — pi) Ar +4 Cu N/d + 

G(po — pi) + Te (2) 


[he geometrical constants B and C de 
pend upon the dimensions of the several 
parts of the pump. The units in which the 
different factors must be expressed are gov. 
emed solely by the fact that the same system 
of units must be used consistently. 

To illustrate the applicability of these 
equations to a design problem a simple case 
will be selected, wherein the simplifications 
made for the sake of ease in calculations are 
perhaps greater than would be desirable or 
necessary in actual design. 

The pump will be assumed to have the 
following characteristics: The radial length b 
of the vanes is small compared with the 
radius of the rotor R, that is, the ratio b/R 
is small compared with one. The length L 
of the rotor is of the same order of magni- 
tude as the radius of the rotor, or in terms 
of geometrical ratios, the ratio L/R is less 
than ten. The vane thickness is small com- 
pared to the radial length of the vanes. It 
will be assumed further that the inlet and 
outlet fluid losses are small and the shear 





l 


n 


stress developed by the trapped liquid re- 
sults in a retarding torque that is small 
when compared with the viscous torque on 
the rotor ends. In addition it will be as- 
sumed that the sliding friction, resulting 
from metal surfaces in close contact and 
lacking thick film lubrication, is negligible. 

As a result of these assumptions the only 

tarding torque that will be considered is 
the viscous torque acting on the rotor ends, 
ind the only slip considered will be that 

curring in the passages between the rotor 
ends and the end plates. ‘This latter as 
sumption implies extremely small clearances 
it the vane tips. 

t can be shown that the complete expres 
ions for the delivery and torque input to a 
pump having the characteristics as cited are 

QO =2nbLRN — ræ Po — Pi l2u 3) 
T = (po — p) bLR -- 2:8? R'u N/d 4 
Corresponding equations for the power 
itput P, 


and power input P, ar 


P, = 2xbLRN (5s — i 


— 5,)2/12 S 
ma . eg " P 


P, 2m [((po — pi) »LRN -- 2:8 R'u N?/d] (t 
l'he overall efhciency E of the pump can 
e defined as the power output divided by 
the power input. Where a factor o is de 
fined bv, 
9 7 (fo — Pi) 2ruN 7 
The final expression for the efficiency E 


in be shown to be 


5 
o + (mk?/bLl 
he factor @ is dimensionless if the pres 


ires, speeds and viscosity are expressed in 


proper units. A consistent set of units 
would be pressure in lb. per sq. ft., speed in 
revolutions per sec. 
per foot second. 

If the design is to be for a pump that will 
give maximum efficiency, it is clear that the 
Equation (8) will be useful in determining 
the proper dimensions for the different parts 
of the pump. A slight revision in the form 
of Equation (8) is desirable to assist in the 
liscussion and is made thus: 

or "n R R 
~= E FF 
z R R QR 
ó b L d 

If the pressures at inlet and outlet are 
fixed, the speed of rotation established and 
the tvpe and temperature of liquid known; 
it follows from Equation (7) that the value 
f the parameter $ is established. The maxi 
mum efficiency under these circumstances 
s then obtained from Equation (9) for a 
particular value of the ratio d/R, (the ratio 
ot the rotor end clearance to the radius of 


and viscosity in slugs 


he rotor) providing the values of the ratios 
L/R and b/R have already been established. 
hese ratios were established, at least in 
order of magnitude, by the assumptions 
made previously. 

lhe effect of changes in these factors will 


be discussed later, but for the present only 
the optimum value of the clearance ratio 
d/R will be considered. If the value of d/R 
is made very small the efficiency approaches 
zero as a limit, since the second term of the 
numerator in Equation (9) is then negligible 
and the second term of the denominator in- 
creases as the ratio d/R decreases. The 
physical significance of this is that the torque 
caused by the viscous drag on the rotor ends 
becomes so large with the small clearances 
that the proportion of the energy put into 
the pump to overcome this drag is large 
compared to that employed for useful pump- 
ing action. If the ratio d/R is made verv 
large the efficiency becomes a negative 
quantity, or in terms of the physical picture 
the pump will not deliver the slip flow 
inder the given conditions of speed, pres- 
sure and viscositv. 
Somewhere between very large and very 
small values of the ratio d/R lies the one 
that gives the best efficiency possible under 
the given conditions of speed, pressure and 
viscosity. The obvious wav to determine the 
ptimum value of the clearance ratio is to 
handle the problem by mathematical analysis 
using Equation (9) as the starting point. 
Unfortunately that method is unwieldv from 
1 particular calculating standpoint. A semi 
graphical analysis is the better method of 
ittack. This type of analysis can be illus- 
trated by solving a typical problem. Consider 


1 pump for which the following ratios have 


been established by space or structural con- 
siderations: 
b/R = 0.2, and L/R = 3.0 

Assume also that the design conditions are 

Fluid viscosity = 500 SSU 

Fluid specific gravity = 0.9 

Pressure difference = 150 Ib. per sq. in. 

Shaft speed = 1,750 r.p.m. 

Adopting as a set of consistent units: 
Pressure in lb. per sq. in., speed in revolu- 
tions per sec., and viscosity in lb. sec. per 
sq. in., it will be necessary to convert the 
SSU viscosity into Ib. sec. per sq. in. units. 
This conversion can be made by using an 
ipproximate formula in which 


p = fluid specific gravity 


t = SSU viscosity 
u = Viscosity in poises 
l.l 1.1*09 xX 500 : 
= — - - = (0.99 poise 
500. 300 
Since 
] poise — 1.45 X 10^5 viscosity units ex- 


pressed in lb. sec. per sq. in. 

0.99 X 1.45 X 10 

— 1.436 X 10^5 viscosity units in 
lb. sec. per sq. in. 


0.99 poise 


Substituting these design values in Equation 


, the parameter ¢ is 


130 x60 


1.436 X 10-5 


rcumstances, Equation (9) 





Lengfh of rofor -L 
Rotor end clearance-a 


FIG.1 





Fig. |—Section through a simple vane type rotary pump. 
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of the ratio d/R. The simplest way is to 
try several values of d/R in Equation (10) 
and plot the calculated efficiency against the 
ratio d/R. The result of this procedure is 
shown in Fig. 2, from which it is apparent 
that the best value of the clearance-radius 





ratio is approximately 0.006, which corre- 





sponds to an efficiency of 98.2 percent. With 
this value of d/R at hand, it is a simple mat 








Efficiency, Percent 





Fig. 2—Influence of clearance ratio on efficien 





0.2 and L/R ratio of 3, at specified pressure 


ter to calculate the required rotor and 








of pump having b/R ratio of 
fference, viscosity and speed. 


clearance for any given rotor radius. The 
clearance will, of course, be given in what- 
ever unit of length the radius is expressed. 
For example, if a rotor with a four inch 
radius is to be used the desirable rotor end 
clearance would be 0.024 of an inch. 
Consider Equation (9) for the efficiency 
again and observe the effect on any given 
pump of a change in the operating con- 
ditions. Using the example at hand, assume 
that the viscosity of the fluid actually 
pumped, rather than that for which the 
unit was designed, is 3,000 SSU. A simple 
calculation shows that this change in vis 

















low pressure 

High speed 

High viscosity 
Rmo 


Efficiency, Percent 





Fig. 3—Pump efficiency shown as a function of the 
proportions. Note high efficiency over 


design 


for the efficiency E in terms of the clear- 
ance ratio becomes 


] — 2.5 x 10* X (d/R» 


77149 X 10*(R/d) (10) 


It is significant and should be clearly 
borne in mind that the performance of this 
pump does not depend directly upon the 
absolute dimensions of the unit, but rather 
upon ratios of dimensions of the elements 
of the unit. Once a pump is designed, there- 
fore, a whole series of pumps with identical 
characteristics has been designed, the 
pumps differing one from the other only in 
scale. The efficiencies would be identical 
under the assumptions made in this design. 
In actual practice the larger units of such a 
efficient than the 
smaller units because of the lesser significance 
of the dry or thin film friction torques and 
the greater ease in holding dimensions. 

Proceeding with the design of the pump, 
it is necessary to determine the best value 


series would be more 
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Nigh pressure 
Low speed 
Low viscosity 
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cosity represents a change in the parameter $ 
from a value of 0.57 times 10* to a value of 
0.095 times 10°, which is simply one-sixth 
of the design value. This value for ¢ when 
substituted in Equation (9) yields a calcu- 
lated value of 91.5 percent for the efficiency. 
This represents a considerable reduction in 
efficiency. To show the effect of any change 
in pressure, viscosity or speed, Fig. 3 has 
been prepared, in which the efficiency is 
shown as a function of the parameter ¢ for 
the unit that has been designed. 

The salient features of the plot in Fig. 3 
are that the peak efficiency is maintained 
over a wide range of values of the parameter 
$, the efficiency falls to zero when $ equals 
1.05 times 10’, and the efficiency approaches 
zero as decreases. Translating the values 
of æ into pressures, viscosities, and speeds 
one sees that a better than 90 percent ef- 
ficiency can be expected with the pump if 


| 

| 
bd 
| 











parameter ¢ for specified 
wide parameter range. 


Low pressure 
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High viscosity 
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Fig. 4—Effect of clearance ratio on efficiency characteristic. 
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the same oil and speed are used and the pres- 
sure ranges from 15 to 1,500 Ib. per sq. in. 
Holding a pressure of 150 Ib. per sq. in. and 
the 500 SSU viscosity, the speed may 
range from 180 to 18,000 r.p.m. and the 
efficiency will exceed 90 percent. Practical 
limitations, however, prevent operation at 
speeds much greated than 3,600 r.p.m. 
Similarly holding the original speed and 
pressure, the 90 percent or better efficiency 
can be expected for viscosities from 50 to 
5,000 SSU. 

To determine the effect of the selection of 
some clearance-radius ratio other than 0.006 
the curves shown in Fig. 4 have been pre- 
pared. One curve is for a clearance-radius 
ratio of 0.0006, which is one-tenth of the 
design value, and the other for a ratio of 
0.01. The general characteristics of the 
tightly fitted unit with the 0.0006 ratio are 
as would be expected. It operates well at 
high pressures and low viscosities, but its 
efficiency drops rapidly as low pressures, high 
speeds or high viscosities are used. 

The operation of the loosely fitted unit 
may prove surprising to many who think 
only in terms of closely fitted parts. The 
peak efficiency of this unit is only slightly 
less than that of the two more closely fitted 
units and its high efficiency at low values of 
the parameter ¢ is particularly interesting. 
It is clear that high efficiencies at low pres 
sures or high speeds and high viscosities can 
be obtained only by use of loosely fitted 
pumps. Naturally, such pumps are totally 
unsuited for high pressure. 

It is interesting to calculate the best ef 
ficiency that can be obtained for this pump 
with any given clearance-radius ratio. It can 
be shown by means of relatively simple 
mathematical manipulations that the peak 
efficiency of the pump under consideration 
occurs at the value of ¢ given by the approxi- 
mate equation 


om = 3.46 (R/d)? (11) 
the corresponding value of the maximum 
efficiency Emar can be calculated by the 
approximate equation, 

Eada LIR 

"= 141.514/R 


Values of Equations (11), (12) are shown 


(12) 
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Fig. 5—Relation between ¢ and clearance ratios for 


graphically in Figs. 5 and 6 respectively. 

In conclusion, it must be pointed out that 
the equations given here should not be used 
to design any particular pump, since there 
have been numerous limitations placed upon 
them by the assumptions made in the 
derivations. The generalizations, however, 
that have been developed can be used as 











Fig. 6—Maximum efficiency obtainable for different values of clearance ratio. 
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d/R 


maximum efficiency. 


guides in design of pumps and fluid motors 
of the rotary positive displacement type. 
Equations applicable to any particular case 
can be set up by the engineer who is design- 
ing a pump and the procedure as outlined 
will lead to formulas of the general type as 
here derived. Graphical analysis and approxi- 
mate equations for certain elements in the 
design can be deduced and used as suggested. 

The principal differences between equa- 
tions derived here and those that should be 
used in actual designs lie in the additional 
factors that must be considered in setting 
up the equations for torque and slip. For 
example, the thin film friction torque should 
not be entirely neglected; also the viscous 
torque originating at vane tips and division 
plate should be considered. The slip at the 
same locations should be given proper con- 
sideration. These additional factors will re- 


sult in the addition of new constants to the 
equation for efficiency. The general form of 
the equation for effciency will remain the 
same and the general nature of variation of 
the efficiency with the parameter ¢ and the 
ratio d/R will remain unchanged. 
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nates. 
and washers are fabriceted. 





Melamine Glass-Cloth Laminates 





Continental Diamond F 





Fig. |—A variety of finished electrical insulating parts of glass-cloth melamine lam. 
Fig. 2 (Left)—Molded tubing from which such parts as insulating bushing 
Tubes are also used as insulation for electrical leads 






Properties and Machinability 


PRESCOTT C. FULLER 


American Cyanamid Company 


Mechanical and dielectric properties of glass-cloth melamine materials are presented. Uses of lam- 


inates, especially for electrical panel boards, are cited. Machinability is discussed from the view- 


point of furnishing the designer with information as a guide in the designing of glass-cloth parts. 


FHE NEED for laminated insulating mate- 
rial possessing qualities of fame resistance, 
high arc 


resistance, and physical 


after the 


great 
strength became evident shortly 
United States entered the war. Phenol for- 


maldehyde laminates having a cotton-fabric 


base had found application in Navy ap- 
paratus prior to the war because of numerous 
idvantages over slate or ebony-asbestos in- 
sulating materials. Flexural strength and im- 


pact strength were greater; good machin- 


ability and ease of fabrication were important 


; à i 
factors. Electrical properties, while low in 


t t 
] 


some respects, were good enough to warrant 


142 


applications in various types of equipment. 

Laminates of glass-cloth bonded together 
with melamine-formaldehyde resin were de- 
veloped in the search for still better mate 
tials. They have proved to be well suited 
to a wide variety of industrial and naval uses, 
[hey are known as Navy Type GMG 
materials. 

Melamine resin has excellent flame re- 
sistance and when the resin is used with in- 


flammable material such as cotton fabric, 
the chemical structure causes anv resultant 
When the 


glass cloth, 


flames to be self-extinguished 


resin is used with inorganic fiber 


a laminate is produced that will not sup 
port combustion and that will withstand up 
to 440 deg. F. for short periods. This im 
portant fact, plus superior physical strength 
and better electrical properties, is largely re 
sponsible for the use of melamine glass-cloth 


laminates as an insulating medium. 

Navy Type GMG laminated insulation 
has been supplied in the form of sheets up 
to 34 in. thick. Electrical apparatus is 
mounted on sheets of the material; specific 


parts are fabricated or machined from them. 


Fig. 1 shows a variety of items and _ parts. 


Representative items are terminal 


p ites, 
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hings 
pads. 











supports, blocks for generators and motors, 
brush holders for generators, washers for 
motors, connector strips for electrical appli 
cations, brush tube caps for insulating col 
lars, slot wedges and flat washers. These are 
made in a large range of sizes. Tubes and 
rods, either round or square, Fig. 2, are also 
produced and fabricated into such parts as 
insulating bushings and bushings for rocker 
ring insulation. 

[he Navy adopted glass-cloth melamine 
laminates as insulating material for all elec 
trical power, lighting, fire control, radio and 
sonar applications for shipboard installations, 
including surface craft and submarines, ex 
cept for radio-frequency applications. This 
material was specified for coil spacers, pole 
collars and like insulating parts on both a.c. 
ind d.c. rotating electrical equipment. Arc 
esistance and flame resistance, combined 








with high strength, not onlv increased the 
operating efficiency of the electrical equip 
ment but also provided an important safety 
factor against the hazard of fire on ship 
board. 


Panel Board 


Melamine panel board has high tensile, 
compressive and flexural strengths. Because 
there is no cellulose in its composition, it 
resists fungus growth. Moisture absorption 
s low thus giving it stability of dimensions 
ind electrical characteristics. Electrical and 
physical properties are covered in Table | 
in which average values are given. 

The electrical tests to get the data of 
Table 1 were conducted according to ASTM 


Designation D669-42F. Fig shows a 
test specimen exposed to the arcing pro 
duced by a 60.000 volt circuit. No carbon 





Table 1—Physical and Electrical Properties of Glass-Cloth Melamine Panel Board 


Propert: 

Bonding strength, lb. per sq in 
l'ensile strength, lb. per sq. in 
l'ensile strength, lb. per sq. in 
Compressive strength, lb. per sq. in 
Compression strength, lb. per sq. in 
Flexural strength, lb. per sq. in 
Flexural strength, lb. per sq. in 
Flexural strength, lb. per sq. in 
Deflection at break. mils per in 
Deflection at break, mils per in 
Impact strength (Izod), lb. per sq. in 
Impact strength (Izod), lb. per sq. in 
Impact strength (Izod), lb. per sq. in 
Modulus of elasticity (flexural), lb. per sq. in 
Modulus of elasticity (flexural), Ib. per sq. in 
Dielectric strength! 

Short time 25 deg. C., volts per mil 
Dielectric strength 

Short time 100 deg. C., 
Dielectric strength 

Step by step, volts per mil 
Dielectric constant! at 60 cycle S per sec 
Dielectric constant at 109 cvcles per se 
Power Factor! at 60 cycles per sec 
Power Factor at 109 cvcles per sec 
Yrc Resistance!, sec 
Heat distortion!, deg. C 


volts per mil 


Water absorption!, percent in 24 hr. at 25 deg. C 


\STM Test 


Direction of Load Value 
Parallel 1,740 
Parallel 42.000 
Perpendicular 29,100 
Edge parallel 29.700 


75.000-88,900 
38.900 41.400 


Flat perpendicular 
Flat parallel 


Edge parallel 50.800 
Flat perpendicular 28,000 
Flat parallel 78-8 
Edge parallel 102 
Flat parallel £1 
Edge parallc! 18.5 
Flat perpendicular £1 
Flat parallel 2.6 x 105 
Edge parallel 2 . 6x10! 
Pe rpendicular 440 
Perpendicular 300 
359 
6.1 
5.4 
0.001 
0 015 
190 
196 


l 





tracking or other electrical deterioration was 
evident after ten min. of exposure. 

Since the war, quantities of glass-cloth 
laminates have been used in civilian and in- 
dustrial equipment. They can be justified 
in many cases where electrical insulation is 
the predominating factor in the functioning 
f the apparatus. 

\s a result of the use of this new material, 
new electrical equipment will have a longer 
ife and wider application. In future designs, 
the engineer may design and use electrical 
equipment that carries a higher load than 
vas possible previously because of the high 
irc resistance and non-burning properties of 
class-cloth laminates. Fig. 4 (A) and (B) 
show specimens of melamine panel board 
ind of phenol asbestos under test for flame 


! ] 
resistance. Specimens are subjected to 
peratures of from 500 to 1,000 deg. F. for 


tem 





Fig. 3—Glass-cloth melamine panel 
board shows no carbon tracking or 
other electrical deterioration after ten 
min. exposure to the arcing produced 


by a 60,000 volt circuit. 


Fig. 4—Panel board is tested for flame resistance at temperatures between 500 and 1,000 deg. F. for one hour. (A) 


Glass-cloth melamine specimen; (B) Phenylic specimen (C) The two specimens after test, the specimen on the left being 


melamine laminate. A comparison of them shows the better flame resistant quality of the glass-cloth specimen. 
















one hour, Fig. 4(C) shows the two speci 
mens after test. ‘The specimen on the left 


is the melamine laminate. 
Machinability 
Glass-cloth laminates are more difficult to 
machine than metal parts, though the pro- 


cedure is much the same. They can be 
sawed, drilled, tapped, threaded, sanded, 
ground, buffed, milled, planed, sheared, 
punched and blanked. 

In general the removal of dust and chips 
by suction during machining is recom- 


show machines 


equipped with suction devices. Compressed 
air is considered the best It has 
the objec that dust and chips are 
scattered about, creating the hazard of fly- 
Water is as good as any liquid 


mended. Fig. 5 and 6 


coolant. 


hon 


ing objects 
coolant. An oil coolant may damage the 
material and its use is not recommended, 
All liquid coolants cause the fine dust to 
adhere to machine tools and to interfere 
with machining operations. 

material for 


sometimes 


selection of the 
depends 


Since the 
manufactured 
upon the cost and ease of machining them, 
the designer of glass-cloth parts can well 
afford to design the parts accordingly. ‘The 


parts 


machining properties of glass-cloth melamine 
laminates are discussed briefly in what fol- 
lows as a guide to the designer and the 


design engineer 


Sawinc. Melamine laminates can be cut 
with any type of metal-cutting saw. A band 
saw is preferred for sawing sheets and for 
general purpose sawing. The speed should 
not exceed 2,000 ft. per min. Circular saws 
for cutting holes in sheet metal can be 
used in a drill press. The teeth of saws 
should be set so as to clear one half the 
thickness of the blade on each side. 


Dritiinc. In drilling parallel to the lami- 
nations, must be taken to prevent 
splitting the laminations apart. The sheet 
should be clamped between plates, as illus- 
After the hole has been 
started in the usual manner, a bottom drill 


care 


trated in Fig. 5. 


can be used to advantage. 

In drilling perpendicular to the lamina- 
tions the material should be held tightly 
against a wood or a metal support until the 
drill has passed through the piece. This 
gives a hole without broken edges. 

High-speed steel drills can be used for drill 
holes up to $« in. in diameter. Carboloy 
tipped drills are used in drilling larger holes. 
These drills are specially designed. . They 
have polished flutes and large chip clear- 
ances. A 55 deg. point is used in drilling 
thin sections and a 90 deg. point in drilling 
thick sections. Carbide masonary drills are 
also used in drilling holes larger than $& inch. 

A saw-tooth circular cutter can be used to 
cut large holes in thin sheets. Large holes 
can also be cut in a lathe or a boring ma 
chine. The starting hole is drilled and then 
the hole is bored to size in the manner 
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Fig. 5—High-speed drills and drills of special design are used in drilling glass- 
cloth laminates, The sheet is clamped between plates when drilling parallel to 


the laminations. 


ordinarily used in machining the ferrous 
metals 
Drill jigs should be designed with slip 


bushings so that the bushing can be re 


moved after the hole has been spotted. 
Otherwise, the abrasive action of the chips 
between the bushing and the drill soon wear 
out the bushing. A layout template is fre 


quently used in spotting holes when rela 


tively few similar p:eces are to be drilled 


Tappinc. Three-fluted or two-fluted spiral 


gun taps have been satisfactory. High speed 
nitrided and chrome-plated oversized taps 
are preferred. Taps from 0.002 to 0.008 in. 
offset the 


inward 


oversize amount the material 


closes when the tap is removed. 


Water is a good tapping medium 
In tapping parallel to the laminations, 
the material should be clamped between 


plates to prcvent sp! tting, as illustrated in 


Dust and chips are carried away by suction. 


Fig. 7. The edges of the holes should be 
counterbored or supported so as to avoid 
bulging of the material at the edge of the 


hole 


he tap drill should be larger than is cus 
tomary for a tapped hole of the same size 
in metal. Ordinarily the tap drill is selected 
so that the threads in the laminated material 
will be between 66 and 75 percent of the 
full basic thread depth, which truncates the 
threads sufficiently to prevent them from 
breaking off at the minor diameter. 

Threads can be chased in a lathe on rod 
or tube materials, such as those illustrated 
Threads brake off on rods turned 
from laminated sheet so that sheet material 


is not suited for such uses. 


in Fig. 2. 


Turninc. Carboloy, tungsten-carbide or 
diamond tipped tools are used in turning 


operations. Female centers are better than 
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ahead of the tool edge without contact with 
the glass. At lower speeds the material is 
pushed against the cutter edge causing wear 
and excessive heat from contact with the 
glass. Wherever possible the rotation of the 
cutter should be so related to the lamina- 
tions as to avoid pulling the laminated 
material apart, especially at the edges and 
during the beginning and end of the cut. 

SHEARING Thin sheets can be punched 
and sheared with a clean cut either by hand 
with sheet metal shears or with foot-power 
shears. Sheets 3 to 8 in. in thickness can be 


cut on power shears of the type used for 





steel plate. 


PuNcHiNG. Standard punch-press equip- 
ment is used. The punch and the die should 
fit closely. Accepted practice is to have 
punched holes as large, or larger, in diameter 
than the thickness of the sheet. Three times 
the sheet thickness is recommended as the 
minimum edge distance and as the minimum 
distance between holes. 

Punched holes as a rule will be smaller 
than the diameter of the punch because 
laminated materials yield during punching. 
he yield roughly is about three percent of 
the thickness punched. Where dimensions 
must be maintained to close tolerances, an 
allowance can be made for the yield in the 
design of the punch 

Blanks are often punched from sheet 
material. The same allowance for yield 
applies. Sometimes the blank is punched 
oversize and then passed through a ring die 
with a 45 deg. cutting edge. This elimi- 
nates torn and rough edges 

Normally glass-cloth melamine laminates 
are brown in color. Originally supplied as a 
white material, a considerable increase in the 
physical properties resulted if the oils used 
in the manufacture of the cloth were burned 
off; consequently, the glass cloth is passed 
Fig. 6—Glass-cloth laminates are sanded and polished on standard sanding through a pyrolizer before laminating. Brown 
machines. Dry sanding with suction to remove the dust is preferred. Fig. 7 laminates are not discolored easily in han- 
(Right)}—Glass-cloth laminates are clamped between plates for tapping. dling and the color wears well. 





ma enters in turning laminated stock be 
cause the latter wedges the laminations 
apart. Cuts of 0.010 in. at a speed of 150 
It. per min. have been used 


SANDING. Sanding is used both for stock 
removal and foi polishing. Fig. 6 shows an 
endless belt type of sander. The drum sander 


IS o in common use. Dry sanding with 
suction to remove the dust is preferred 
When a liquid coolant is used, the dust 
( nes with the coolant to form cement, 
which adheres to the machine and interferes 
with its operation. Grinding is less satisfac 
t than sanding. It is done with light 
Cuts to prevent excessive heating 

Mii.inc Carboloy or  tungsten-carbide 
tipped cutters should be used. High cutting 
Spi seem to give best results. This is 
attributed to the wedge action of the tool 
ed n causing rupture of the material 
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RESEARCH—STANDARDS—PATENTS 


Aircraft Materials Research 


The Role of Government and Industry 


[HE PATTERN of aircraft materials research 
in the United States has been established 
by the Committee on Materials Research 
Coordination of the National Advisory 
Committee for Aeronautics. This commit- 
tee was established by the N.A.C.A. on 
June 22, 1944, in response to a request from 
the Army Air Forces and the Navy Bureau 
of Aeronautics as an aid to aircraft produc 
tion and development. 


Responsibilities 


The committee, whose executive secre 
tary is Lt. Comdr. O. C. Roehl, room 1029, 
Navy Building, Washington 25, D.C., has 
the responsibility of coordinating research 


materials and their applications, and of es 
tablishing means whereby information may 
be exchanged, common problems discussed, 
unnecessary duplications avoided, and an 
adequate and dynamic program for future 
development encouraged and maintained. 
The aircraft materials research and de- 
velopment field, in which coordination is 
effected by the Committee on Materials 
Research Coordination, covers research on 
all engine and airframe materials, including 
fabrication methods, protective coatings, 
fuels and lubricants insofar as they affect 
aircraft materials, and research involving the 
evaluation of materials in structures and 
structural elements. In addition, consider- 
ation is given to testing technique and the 


At this point, it would be well to detine 
the main functions of the committee. ‘These 
are: 

1. FUDAMENTAL RESEARCH, Or general 
research designed to provide new facts, new 
data which can be used for design purposes 
It largely concerns itself with the deter 
mination of overall chemical, physical and 
mechanical characteristics and properties. 

2. DEVELOPMENT, or work having to do 
with actual design of the end product us 
ing basic data developed through fundamen 
tal research. The specific application of 
fundamental research to particular designs or 
projects with the stimulus of competition. 


3. Evacuation of the result of design 
applied to fundamental research, that is, 
the testing of the end product of research 
and development. 


The primary responsibility of the Com 
mittee on Materials Research Coordination 
is to review the adequacy of currelate action 
wherever necessary. Records are maintained 
covering all fundamental aircraft materials 

















and development in the field of aircraft economic evaluation of aircraft materials. research .activities in this country. ‘These 
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
AIRCRAFT AND — MATERIALS PRODUCERS 
RELATED INDUSTRIES COMMITTEE ON MATERIALS RESEARCH COORDINATION AND FABRICATORS 
AIRFRAME SCHOOLS AND UNIVERSITIES GOVERNMENT AGENCIES RESEARCH INSTITUTIONS ALUMINUM AND 
MANUFACTURERS MAGNESIUM 
[~~ "WAR DEPARTMENT 1 [~~ “NAVY DEPARTMENT | 
| * AGENCIES CONCERNED i 
SRANI AN (Other thon Aero) L- WITH AIRCRAFT x3 (Other than Aero i 
PLANT MANUFACTURERS i Army Ordnance J MATERIALS RESEARCH à Navy Bureau of Ships — | FUELS AND LUBRICANTS 
AIRCRAFT PROPELLER — — sete es ene PLASTICS 
MANUFACTURERS Army Air Forces -Air Technical Service Bureau of Aeronautics | 
Command, Wright Field Army Air Forces- Office of Research and Inventions | 


Army Air Staff, 


NSTRUMENT ACCESSORY 
ANO RELATED 
MANUFACTURERS 


: AIR TRANSPORT 


ASSOCIATIONS 
(Aircraft) 






Washington, D.C. 


f NATIONAL ADVISORY COMMITTEE 
$ FOR AERONAUTICS 


(All NACA Committee and Subcommittees 
concerned with materials and NACA 





Laboratories) 


OFFICE OF SCIENTIFIC RESEARCH AND DEVELOPMENT 
NATIONAL RESEARCH COUNCIL 


(OSRD Divisions concerned with Materials) 
War Metallurgy Committee 
(Research Board for National Security) 





(Office of Procurment and Materials) 


DEPARTMENT OF COMMERCE 





Office of Production Research 
and Development 

(industry Advisory Committees 

Concerned with Aircraft Materials) 





RUBBERS 


Civil Aeronautics Administration 
(National Bureau of Standards) 


STEELS 


OTHER RELATED INDUSTRIES 
Such as, Precision Casting, 
Forging, Refractories, 
and Special Alloys 


ASSOCIATIONS 
(Material Producers 
and Fabricators 
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AIRCRAFT MATERIALS RESEARCH COORDINATION. 


ACTIVITIES CONCERNED WITH AIRCRAFT MATERIALS RESEARCH 


Aircraft and related industries: National Research Council War Department 
West Coast and East Coast Aircraft Schools and Independent Navy Department 
War Production Councils Laboratories National Advisory Committee for Aeronautics 
Central Aircraft Council Civil Aeronautics Administration 
Aeronautical Chamber of Commerce Office of Scientific Research and Development 


Alrcraft materials producers and fabricators Office of Production Research and 
and their industry associations Development 


Coordination of aircraft materials research is effected through two general channels. Government-sponsored research 
is coordinated through the Committee on Materials Research Coordination. and information is distributed to indusry 
by the Committee. Industry-sponsored research is coordinated by aircraft manufacturers and materials producers and 
fabricators either through various industry associations or by direct contacts between individual manufacturers. The 
associations and individual manufacturers in turn cooperate with the Committee on Materials Research Coordination. 


| NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
| COMMITTEE ON MATERIALS RESEARCH COORDINATION 


Composed of representatives of the above groups under the supervision 
of the National Advisory Committee for Aeronautics. 





FOLLOW-UP OF 
RELATED RESARCH 


MANTENANCE OF 
RESEARCH RECORDS 


COLLECTION—REVIEW — ANALYSIS 
OF CURRENT RESEARCH 


DISSEMINATION OF FOLLOW-UP OF 
INFORMATION FOREIGN RESEARCH 





The Committee encourages The Committee obtains 
the interchange of infor- data on aircraft materials 
mation on aircraft mate- research outside the United 
rials research. States and interchanges 
information with the Allies 
on aircraft materials re 
search development 


The Committee maintains 
liaison with divisions of 
the Army and Navy and 
other Government agencies 
not primarily concerned 


The Committee maintains 
a record of all current air 
craft materials research 
projects for the purpose o! 
, | analysis and review. 
A file or library of all 
completed aircraft mate 
rials research reports is 
maintained in the NACA 
Office of Aeronautical In- 
telligence for future refer- 


The Committee reviews and analyzes 
current aircraft materials research pro- 
jects with a view to improving the in- 
tensity of research where needed. 


The Committee receives suggestions for 
new research projects and where pos- 
sible arranges for suitable sponsorship 
of required new projects by its member 
agencies. 


It distributes information 
on Government-sponsored 
research. foreign research. 
and other pertinent data 
that may be furnished by 
industry. 


with aircraft materials re 
search, but whose research 
may be of value to air 
craft materials research 


The Committee maintains liaison with 
and development. 


other industry and Governmental com- 
mittees concerned with related research 
work. 





records enable the committee to review the and specific or applied research in connec- suggested research project may be suff- 
overall research programs and to encourage tion therewith, is considered largely the ciently broad as to warrant action by both 
new work where warranted with particular responsibility of industry industry and the various government re- 
emphasis on the needs of national security. search agencies. In such instances the com 
Realizing that research and development Committee |n Action mittee attempts to divide the required re 
flourish best in an atmosphere of complete search into appropriate sub-divisions and to 
freedom the committee makes no effort to Various types of research projects and assign certain responsibilities to its govern- 
control the research work of its government question may come to the Committee for ment and industry members. When a re- 
and industry members. While the com- its consideration and information. New _ search project is to be sponsored by the 
mittee lends its efforts to eliminating undue research projects, or ideas for projects may government, the research agency (Army, 


duplication, it does not have, nor does it be developed by the committee or may be Navy, NACA, CAA, OSRD, OPRD) best 


ittempt to exercise, any jurisdiction over suggested to the committee by industry, the equipped to follow the work, is requested 


the materials research activities of its mem \rmy, Navy and others concerned with re- — to arrange for the needed research. Some 
ber government agencies. Projects carried search and development of aircraft mate- of the projects may be sufficiently broad 
on solely by industry are not brought before rials and their applications. The commit- to interest more than one government re 
the committee for action although such tee considers the need for the suggested re- search agency member of the “committee and 
work may be coordinated by special indus- search and if it appears that the research is if so they may develop a program for joint 
try groups for the benefit of all concerned. needed, its member agencies are requested action. Research projects suggested for 
\s indicated on the chart, the Committee to take action. Certain government agen- NACA action by the committee may be 
lso maintains liaison with agencies outside ies or industrial companies may decide to referred to an appropriate NACA sub-com 
of the aircraft field who conduct related undertake a research project and may re- mittee for review or the NACA Executive 
material and production research quest comments, from the committee on Committee may act directly upon the 
the proposed program. The committee then recommendation of the Materials Research 
Partnership Program eviews the projects and furnishes such com- Coordination Committee. In the future 
ment, information and assistance as may be NACA may also sponsor the type of aircraft 
lhe committee, as its operations prog practicable. The agencies represented on materials research currently being conducted 
tess, 15 attempting to develop a sound gov the committee may also undertake research by OSRD and OPRD. 
emment-industry approach to aircraft mat projects on which they do not desire com- In carrying on the various types of re- 
nals research. In developing industry gov mittee comment and on which no com- search projects outlined above, the commit 
emmcnt partnership programs for national mittee action is in order. Such data are used tee assists its member agencies to place the 
security the committee follows in general only for information and listing. research projects in the government, indus 
the policy that the field of government When action on a new research project try, and independent laboratories best 
financed research lies largely in the develop. is required by the committee, it considers equipped to carry out the project. In some 


ment of fundamental data. The use of how the work may best be organized and instances it also assists its member agencies 
these fundamental research data in design various courses of action are possible. A in selecting steering or advisory committees 
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who may be given the responsibility for ar 
ranging the technical details of the new re- 
search program and be generally responsible 
for and supervise the research project for the 
financing agency or agencies. 


Aircraft Plastics 


A practical example of the work accom- 
plished by the committee is its development 
and research in the aircraft plastics field. 
Problems on which satisfactory work is being 
done include: 

Comparison of different low pressure 
resins primarily used for laminating glass 
fabric. 

Development of room temperature glues 
and procedures for field repairs of lamin- 
ates and molded parts. 

Development of a finish for Polystyrene 
that affords protection against 
fuel. 


Investigation of dimensional and weight 





Dynamic balancer 









aromatic 


changes of plastics over long periods. 
Permeability of glass laminates. 
De-icing plastic laminates and transpar- 
ent plastics. 
Heat-resisting plastics. 
Plastic Materials for Structural Applica- 
tions. Sandwich Construction. 
Development of a method of reducing 
curving time for low pressure molding. 
Development of material and/or tech- 
niques for molding laminates. 
Transparent plastic enclosures. 


Future 


While the committee has made consider- 
able progress, many problems still remain. 
Research and development is a dynamic and 
ever-continuing process and new problems 
will always confront the committee. That 
these problems be solved promptly is of 
great importance to national security. The 
program of industry-government coopera- 





Most Powerful Aircraft Engine Announced 


ignition harness 


Distributor 


Distributor 


intake manifold 
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tion that has enabled us to gain superiority 
in the weapons of war must also insure the 
maintenance of that superiority. 

The coordination of aircraft materials re- 
search by the committee not only improves 
aircraft quality, but also contributes to ef. 
fective materials utilization and to increased 
aircraft production. This partnership pro- 
gram of government and industry in air- 
craft materials research also results in more 
effective utilization of research funds, per- 
sonnel and facilities, and so better enlists 
the overall support for research activities 
needed to maintain our aircraft leadership. 

The committee on Materials Research 
Coordination offers a means whereby in- 
dustry, the Army, the Navy and other gov- 
ernment agencies can work together for na 
tional security. The initial support given 
the committee is most encouraging, such 
support on the part of industry and govern- 
ment must grow if the committee is to ful 
fill its responsibilities. 


THE MOST POWERFUL aircraft engine devel- 
oped and in production anywhere in the 
world recently was disclosed as the power 
plant for the bulk of the giant new airliners 
and top military aircraft of the immediate 
future. Cutaway view shows the Wasp 
Major, Pratt & Whitney Aircraft’s new 28- 
cylinder, four-row, radial air-cooled engine 
delivers more than 3650 combat horsepower. 
It has already been selected to power most 
of the new giant air transports, two of the 
Navy’s crack fighters, two of the Army’s 
biggest bombers and at least six other mili- 
tary aircraft not yet publicly announced. 

The Major’s 28 cylinders are arranged in 
four rows of seven cylinders each, giving 
the engine a frontal area no greater than 
that of the 18-cylinder Double Wasp, a two- 
row radial engine with a basic rating of 
2100 horsepower. A helical arrangement 
of the new cylinders about the crankcase 
projects each individual cylinder into the air 
stream and gives the big engine better 
cooling characteristics than most one- and 
two-row engines. 

The elimination of the conventional ig. 
nition harness through the use of seven 
interchangeable magnetos, one for cach 
bank of four cylinders; a vibration-free 
crankshaft and improved dynamic balancers 
to inhibit vibration from power — 
and reciprocating masses; an improved a 
tomatically controlled, hydraulically reed 
variable speed supercharger, and the ra lial 
mounting of accessories about the periphery 
of the accessory drive case, instead of on the 
rear of the engine, to provide excellent 
maintenance atcessibility. Dry weight of 
the single-stage, v ariable- speed engine is 
3405 pounds. 

Shown above the cutaway photograph 1s 
the Navy F2G fighter, which is powered by 
the Wasp Major engine. Produced b: the 
Goodyear Aircraft Corporation, the inverted 
gull wing plane has an initial rate of climb 
of 7,000 feet a minute, about fifty percent 
better than most jet-propelled aircraft. 
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Plastic Materials Supply for 1946 
To Be Greatly Expanded 


More THAN 107 million dollars will be 
spent by twenty-two manufacturers in the 
next eighteen months on new facilities for 


production of plastics materials, an industry 


survey conducted by the Plastics Materials 
Manufacturers Association revealed recently. 

W. S. Landes, president of the associa 
tion, termed this a conservative estimate 
and pointed out that construction and 
tooling by molders, extruders, and fabri- 
cators are not included. The major portion 
of these new facilities, will be for the pro- 
duction of molding materials with the re- 
mainder marked for sheet, rod, tube, ad- 
hesive and laminating materials. Production 
of plastic materials will be increased by 
approximately 300 million pounds per year 
as a result of this expansion of plant facilities. 

The survey, made through the office of 
Frank H. Carman, general manager of the 
association, in Washington, shows that most 
of the manufacturers of new types of plas- 
tics who did not make large expansions 
during the war years now are planning addi- 
tional facilities to meet increased demands 
for their respective materials. 

\lthough the demands for plastic ma- 
terials, with but few exceptions, greatly ex- 
ceed the supply at this time, it is indicated 
that some measure of relief will become 
effective during the first quarter of 1946 
and will continue thereafter, with substan- 
tial increases in availability of plastic ma 
terials late in the year. 

Major consuming industries of the former 
volume plastic materials, such as the cellu- 
losics, acrylics, phenolics, ureas, and the 
vinyl resins can anticipate substantial in- 
creases in supplies. A much greater per- 
centage increase and a substantial tonnage 
increase in polyethylene, polystyrene, the 
new cellulisics, nylon, and certain other 
new plastics now make it possible to include 
these plastics in future engineering plans. 

Thermoplastic molding materials, the 
survey shows, which have been particularly 
short in supply, will increase 33 per cent in 
the first quarter of 1946, and by the second 
quarter of 1947 it is anticipated that there 
will be a 150 per cent increase over present 
supply. 

The largest percentage increase for any 
plastic material will be in polystyrene mold- 
ing powder in which long-range expansion 
of facilities already announced or pending 
may permit production 600 per cent over 
p operations. The polvstyrene picture 

as been somewhat confused ever since the 
synthetic rubber program got under way 
because of uncertainty over the post war 
plans for synthetic rubber production. The 
tential supply of styrene monomer might 

* substantially greater if any of these 
facilities were released. 

The plastics survey shows manufacturers 
of phenolic molding materials being severely 
ampered by shortage of wood flour. Tar 
acid supplies will be further curtailed if the 
threatened strike in the steel industry de- 
velops, lowing down coking ovens. 

Other material shortages are insufficient 


supplies of cellulose acetate flake, for which 
ample expansion of facilities is now going 
forward; critical supply of cotton waste, 
which could restrict production of impact 
materials should the demand become heavy, 
and possible uncertain supplies of coloring 
pigments for styrene molding materials when 
expansion of this plastic becomes effective. 

The need for expansion of production of 
molding materiali, the survev shows, is 
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much more acute than the need for sheet, 
rod and tube and for adhesive and laminat- 
ing materials. The survey showed a marked 
drop in the demand for adhesive resins, and 
production facilities appear to be ample 
to meet present demands. There is no 
problem with respect to laminating mate- 
rials availability at the present time, except 
in those instances where labor shortage 
materially restrict the amount of production. 
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HEART OF THE POWERFUL “Tuba” transmit 
ter, described in the Radar Countermeas- 
ures story in last month's "Industry and 
Societies" section, is this 50,000-watt Resna- 
tron tube. The tube, which weighs 500 lbs., 
is designed to send out ultra short waves in 
a continuous flow, instead of in pulses, as in 
a radar beam. This makes the Resnatron 
the most powerful vacuum tube in the 
world, which is capable of transmitting tun- 
able ultra-high-frequency radio waves (about 
10 times higher than the frequency used for 


F.M. and television). The tube also acts 
as an oscillator. 

Each one of the “Tuba” antennas (see 
photo on page 74 of January Propuct En- 
GINEERING) is powered by two Resnatron 
tubes. The powerful beam was piped from 
the Resnatron through a coaxial cable into 
a waveguide pipe and then into the huge 
"half-cheese" antenna—a big parabolic mir- 
ror. 30 feet in diameter, which fanned the 
beam out so that it was effective several 
hundred miles away. More than 50 feet of 
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control pilot in the air switches over to 
ground control after lining the ghost plane 
up for its approach to the runway. The 
ground operator then lands the plane and 
taxies it over to the line 


truck and takes the plane off, retracts the 
wheels an.. starts the plane circling the 
field. Then another “pilot” in a mother 
plane takes over and flies the ghost Hellcat 
on its mission. On return to the field, the 


FERRYBOAT RADAR 


Lui l'EDERAI COMMUNICATIONS 
Commission has granted Raytheon 


Manufacturing Co. temporary author 
ity to install and operate an experi 
mental radar equipment on a new 
ferry, operated between Seattle and 
Bremerton, Washington. The system 
will be used to determine the operat- 
ing requirements for similar ship 
installations. The location and ship 
run was chosen because of the particu 
larly difficult navigational problems. 
On a large percentage of days the 
fog obscures the run and the ferry 
must thread its way through the tre 
mendous quantity of shipping in the 
busy Puget Sound area, where the 
narrow passages will afford an oppor 
tunity to put to test the value of 
radar in shoreline navigation 


copper tubing bend and twist throughout 
the thrce-foot length and one foot diameter 
of the tube to carry water to cool the grids 
and anode, which is itself made of copper 
tubing. 

Development of the tube was done at the 
Research Laboratory of the Westinghouse 
Electric Company, in cooperation with the 
Radio Research Laboratory at Harvard Uni 
versity, under contracts of the National De- 
fense Research Committee and the Office of 
Scientific Research and Development. 


Radio-Controlled Hellcat 


Y "cuosr" Hxarrcar, a modern, high pow 
red fighting plane that flies and fights 
without a pilot, is a product of the Navy's 
experimentation with radio control—and 
is a forecast of the weapons with which the 
Navy hopes to meet the future. So far as 
is known, the ghost Hellcat developed by 
the Navy is the world’s only standard mili 
tary aircraft for which all operations per 
formed bv a pilot in taking off, flving or 
landing have been exercised by 
radio control 
So complete 


remote 


sensitive is the re 
mote radio control exercised over the ghost 
Hellcat that even such a small part as a tail 
wheel can be turned by radio to steer the 
plane on the ground, the brakes can be 
governed to provide control on the runway 
ind can be made of the exact 
degree of engine speed desired for takeoff, 
landing or high-speed, high performance 
The operator 
the ailerons, flippers and the rudder. He 
controls the throttle, retracts and extends 
the landing gear, sets the flaps, steers the 
tail wheel and works the wheel brakes indi 
vidually. He can also operate a smoke recog 
nition device and fighting lights for 

ontrol 
In operation, one “pilot” on the ground 
sits in a Contraption resembling a barber's 
ntrol panel set up in a 
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Caast Artillery Radar Used for Navigation 
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FIRE CONTROL RADAR, Which had 
been in operation along both our coastlines 
and on the coast of Iwo Jima before the war 
ended, was recently disclosed. Known as 
Radar Set AN/MPG-1, the equipment was 
developed for the Army Signal Corps by the 
radiation laboratories at the Massachusetts 
Institute of Technology. Capable of detect 
ing vessels at least 25 miles from shore under 
the worst weather conditions, it is claimed 
that the set will “revolutionize” coastal ar- 
tillery defense. Its accuracy of detection is 
within five vards in any direction at the ef- 
fective firing range of twelve miles. It is 
laimed that the set gives such definition 
that in an area one mile square, a ship five 


miles awav can actually be “seen” to turn 
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and the ship shows up as a light picture. 


Fhe radar set's effectiveness is attı 
to its ability to send out radar pulses 


ibuted 


in à 


narrow beam about one-half a degree wide— 


: E 
which would be only fifty yards wi 


range of 5,000 vards. 

Nonmilitary use of the set—for ext 
close shoreline navigation—is, of 
being contemplated. This devel 
would allow safe anchorage of ships, 
guided by shore control. Ships not 
radar, or whose radar equipment is 
commission, could be directed fron 
by  radio-telephone. This devel 
should be compared with the com 
radar navigation equipment descri 
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WASHINGTON NOTES 





Science and the State 


Living in a democratic country, we are 
accustomed to the system of checks and 
balances which determine our national pol- 
icies. A measure is proposed in Congress; 
Congressmen representnig opinions of other 
groups oppose this measure; finally, a com- 
promise 1s arrived at, or an opposing bill is 
introduced and the issue is fought out on 
the floor of our national legislature. 

But when is a compromise not a com 
promise? ‘That is the question Washington 
is asking, as the Kilgore and Magnuson 
versions of federal science legislation oscil 
late and gyrate through the halls of 
Congress. 


Ihe Kilgore “Compromise”—As indicated 
in last month’s ‘Washington Notes" a 
compromise proposed by Senator Kilgore 
was in the offing. With the turn of the new 
year, Sen. Kilgore fulfilled this prediction 
by introducing a new bill, S. 1720, to re 
place his time-worn S. 1297, the main pro 
visions of which are: a single administrator 
appointed by the — to control the 
federal science setup; a patent policy - 
signed to secure government ownership o 
all patents produced through research p: P dy 
or wholly financed by the government. 
Ostensibly, the new Kilgore bill would move 
closer toward the intent of the Magnuson 
bill, S. 1285, which would have a 9-man 
board (none of whom need be full-time 
federal employees) direct the policies of 
the National Research Foundation, and 
would not prescribe such a stringent patent 
policy as would the Kilgore bill. 

Main features of the “compromise,” S 
1720, which was introduced by Sen. Kilgore 
without the backing of Sen. Magnuson, 
were listed in last month’s column. Specific 
points which the myriad and prolific mem 
bers of Kilgore’s staff hailed as concessions 
to the scientists who back the Magnuson 
bill are: A single administrator appointed by 
the President ‘would still head the organiza 
tion, but an advisory board of nine mem 
bers, to be appointed by the President, 
would have the right to “make . . . recom 
mendations to the President and the Con 
gress. . . .” How this changes the basic 
concept of the original Kilgore bill, ot 
how it makes the National Science Founda 
tion any less susceptible to political control, 
remains a mystery to those interested in 
genuine Federal support of research. 

Likewise, the patent policy of the new 
Kilgore bill remains unchanged. More word 
juggling resulted in a new provision for ad 
vance arrangements in which exception to 
“public dedication” of patent rights may be 
granted, at the discretion of the Foundation 
Administrator or the head of the govern- 
ment agency financing the contract. Thus, 
the general policy of government ownership 
of c velopments arising from federally-fin 
anced research has been retained. The onlv 
chan e introduced by the new bill is the 


nght of a private research organization to 


refuse federal aid if patent arrangements are 


not to its liking! 


Who Is Making Concessions?—An interview 
with Senator Magnuson disclosed that it is 
he who is making concessions, not Senato: 
Kilgore. In negotiating with “Kilgore and 
his Staff,” Sen. Magnuson has agreed to 
every section of the Kilgore bill except the 
single administrator provision. On this issuc 
ilone—single administrator vs. board con 
trol—the Congressional deadlock continues 
Senator Magnuson assured this writer that 
he will not give up his demand for board 
control of the Foundation. 

Most scientists, such as the Committee 
Supporting the Bush Report (see January 
"Washington Notes"), found themselves 
in much more basic disagreement with the 
Kilgore bill, than was Sen. Magnuson. Not 
only did they oppose the’ single adminis 
trator idea, but they found the patent pro 
visions equally objectionable. These men 
feel that patent policies should not be set- 
tled in science legislation, but rather should 
be formulated separately on the basis of 
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recommendations of the late President 
Roosevelt's Patent Planning Commission, 
and the Commerce Department’s Patent 
Survey Committee (headed by William H. 
Davis, former Economic Stabilizer), which 
has made no recommendations as yet 

Still another objectionable feature in the 
new Kilgore bill was found by these scien 
tists in the division of social sciences which 
would be established as part of the National 
Science Foundation. In their letter-to-the 
President of Nov. 24, the Committee Sup 
porting the Bush Report headed by Isaiah 
Bowman, president of Johns Hopkins Uni- 
versity, urged that support of social sciences 
be excluded from the proposed science or 
research foundation. They believe that the 
Bush report, which grew out of factual 
studies in the basic science, should be the 
guide for all science legislation. As for 
social sciences, a separate study is needed, 
ind if it is indicated, separate legislation 
should be enacted 

Thus, these scientists feel that Kilgore 
has made no concessions; on the contrary, 
there is danger that their protagonist in 





Aircraft Machine Gun Fires 50 Percent Faster 





DRAMATIC IMPROVEMENT in aircraft ord 
nance is illustrated in the M3 50-caliber ma 
chine gun, a product of the Small Arms De 
elopment Division of the U. S. Army Ord- 
nance Department, in cooperation with the 
Frigidaire Division of General Motors Cor 
poration. Developed to fill the need for in 
creased firepower of small fighter aircraft 
which could not carry more than a limited 
number of guns, the M3 fires at the rate of 
1200 rounds per minute, half again as fast as 
the M2 gun formerly used. Equally impor- 
tant is the fact that the new gun is essen 
tially the same size and weight as the older 
one. The need for such rapid firing rates 
stems from the fact that there is an ex 
tremely brief period of engagement in aerial 
combat, because of the terrific speed of mod 
ern aircraft. 

Method of operations is as follows: At 
the instant of firing, the bolt is locked to 
the barrel bv the barrel extension which 
carries the breech lock. These components 
remain locked together until approximately 


} in. of recoil has been completed. At this 
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U. 8S. Army Ordnance Dept. Photo 
point, the breech lock is forced down by de 
pressors and the bolt is unlocked For the 
next in. of recoil, part of the energy of the 
barrel and extension is transmitted through 
the accelerator to the bolt, which speeds the 
recoil of the bolt. A barrel buffer absorbs 
the remaining energy of the barrel and ex 
tension, and also retains this assembly 14 in. 
out of battery, until the bolt picks it up on 
the counterrecoil cycle. At the end of recoil, 
the direction of the bolt is reversed by a 
bolt buffer, and the counterrecoil stroke 
begun. The counterrecoil stroke is essen 
tially the reverse of recoil. Ammunition is 
fed, in metallic link belts, by a pawl system 
operated by a belt feed lever which receives 
its motion from a cam track on the top of 
the bolt. Each round is transported from 
the feedway into the chamber by the 
tractor, which extracts a live round from the 
belt, carries it to the rear in recoil, and feeds 
it into the chamber at the completion of 
counterrecoil. A mechanical firing mechan 
ism, controlled by a mechanical sear, is used 


to fire the gun 


15] 

















Congress, Senator Magnuson, will be “com 
promised” into a close approximation of the 
original Kilgore idea. What the Kilgore 
adherents loudly hail as a “compromise” 
measure is, to them, merely another method 
of seeking political control of science. 


Scientists Become Politicians—In addition 
to the backing of Dr. Bowman’s Committee, 
Senator Magnuson could point to some 500 
letters, telegrams and resolutions favoring 
his bill. In these messages, some 8,450 
persons, representing (in part) members of 


university faculties, American Chemical 
Society, A.S.C.E., A.S.M.E., A.LE.E., Sig- 
ma Xi, Iron and Steel Institute, Tool and 


Die Designers and medical and biological 
societies, expressed their complete support 
of the Magnuson bill. 

To counteract this seemingly overwhelm 
ing backing of the Magnuson bill by the 
world of science and technology, a Com- 
mittee for National Science Foundation was 
formed and distributed a prepared state 
ment on Dec. 28. The committee, whose 
moving spirits are Dr. Harold C. Urey 
and Dr. Harlow Shapely, includes Dr. Al 
bert Einstein, Dr. Enrico Fermi, Dr. George 
R. Minot, Dr. Otto Meyerhof, Dr. J. 
Robert Oppenheimer and a number of lesser- 
known scientists. Although their statement 
pleaded for a resolution of the Kilgore-Mag 


"Ghost" Army and Navy Revealed 


A GIANT DECEPTION that caused the Ger- 
mans, just before D-Day, to see fleets of in- 
vasion craft that didn’t exist, loaded with 
weapons that never were forged and pointed 
for attacks that never were planned was 
described recently by The Goodyear Tire & 
Rubber Company. PT boats complete with 
armament, and landing craft and barges cat 
rying tanks, field artillery and other combat 
equipment, appeared and disappeared over 
night and in great numbers along the Eng 
lish Channel coast in the hectic days pre 
ceding June 6, 1944, much to the confusion 
of German observers. 

The huge ruse was made possible by pro 
duction of pneumatic, balloon-fabric models 
of the craft and equipment required for this 
vast decoy operation. Built to size, and with 
a close resemblance to the real thing that 
made them, when inflated, utterly deceiving 


to German reconnaissance pilots, these 
“ships”, and their cargoes were allowed to 
be seen massed in the waters of British 


ports from which Allied Supreme Head 
quarters had no intention of launching an 
attack. Having served their confusing pur 
ose there, they were deflated and moved 
b truck to another false base, again to dis 
tract enemy attention and further muddle 
his defense preparations. The operation 
received credit as an important factor in the 
success of Allied invasion strategy. Top 
photo shows a pneumatic LCT being towed 
in the river. Below an LCM in the balloon 
room of Goodyear plant. 
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nuson differences, it was evident that the 
signers of the statement leaned heavily 
toward the Kilgore, rather than the Mag- 
nu,on bill. It did not require a Sherlock 
Holmes to discern the following: First, the 
name of the committee pointedly used the 
Kilgore title, “Science” Foundation, rather 
than the Magnuson name, “Research” 
Foundation. Second, the six principles laid 
down by the committee as a basis for science 
legislation smack of terminology used in 
the new Kilgore bill. Such terms as “public 
dedication” of scientific findings are iden- 
tical. The sixth principle, “a plan of organ- 
ization which will meet the major objec- 
tions to either alternative" (single admin- 
istrator or board), sounds like it might have 
anticipated the "compromise" Kilgore bill. 

Members of the Committee Supporting 
the Bush Report are aware of the similarity 
between the statement of the Science 
Foundation Committee and the new Kilgore 
bill, and are wondering whether some of 
the signers of the statement were not “sold 


a bill of goods.” 


Enter, Fulbright—Readers of the new Kil- 


new Senatorial 
original three, 


may note two 
addition to the 


gore bill 
sponsors in 


Kilgore, Johnson of Colorado and Pepper. 
These were: Saltonstall and Fulbright. 
Senator Fulbright's connection with tech- 
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nical research can easily be understood in 
view of the fact that he introduced a bill 
on July 9, which proposed the setting up 
of a Bureau of Scientific Research in the 
Commerce Department. But the coinci 
dence of Fulbright’s new sponsorship of 
the Kilgore bill, coming at the same time 
as a complete revision of his own bill (S. 
1248), seemed significant to same. 

The new version of S. 1248 would estab 
lish an Office of Technical Services in the 
Commerce Department, at the head of 
which would be a director appointed by 
the President. This office would lump to 
gether the dm personnel, equipment 
and unexpended moneys of the National 
Inventors Council, the Technical Advison 
Service of the Smaller War Corp. and the 
Office of Production Research and Develop 
ment of the W.P.B. The function of this 
organization would be to aid “Individual 
businesses or industries on a reasonable cost 
basis” in research on specific technical prob 
lems. Patents developed would become 
property of the government, unless the 
Secretary of Commerce decides otherwise 

It may be safely guessed that there is 
more than a surface connection between 
the Kilgore and Fulbright bills. The least 


that can be said is that the same people 
who back the Kilgore bill, also support the 
Fulbright bill. 
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RECENTLY ELECTED 
SOCIETY OFFICERS 


American Society of Heating and Ventilating 
Engineers, 51 Madison Ave., New York 10, 
N. Y. President—Alfred J. Offner, consult- 
ing engineer, New York; First Vice Presi- 
dent—Dr. B. M. Woods, University of 
California; Second Vice President—G. L. 
June, Case School of Applied Science; 
Treasurer—J. F. Collins, Jr., National Dis- 
trict Heating Association. 


Institute of Aeronautical Sciences, 2 E. 64th 
St., New York 21, N. Y. President—Arthur 
E. Raymond, Douglas Aircraft Co.; Vice 
Presidents—P. R. Bassett, Sperry Gyroscope 
Co., J. H. Kindelberger, North American 
Aviation, John C. Leslie, Pan American 
Airways and Burdette S. Wright, Curtiss- 
Wright Corp. Treasurer—C. S. Jones, 
Casey Jones School of Aeronautics. 


American Society of Refrigerating Engineers, 
50 W. 40th St, New York 18, N. Y. 
President—Charles S. Leopold, consulting 
engineer, Philadelphia; Vice Presidents— 
Roland H. Money, Reynolds Metal Co. 
and Clifford F. Holske, Vilter Mfg. Co.; 
Treasurer—Prof. Burgess H. Jennings, 
Northwestern University. 


American Chemical Society, 1155 16th St., 
N.W., Washington 6, D. C. President— 
W. A. Noyes, Jr., University of Rochester; 
Director-at-Large—Charles Allen Thomas, 
Monsanto Chemical Co. 


Society of Automotive Engineers, 29 W. 
39th St., New York 18, N. Y. President— 
L. Ray Buckendale, Timken-Detroit Axle 
Treasurer—B. B. Bachman, Autocar Co. 





MEETINGS 


20th Exposition of Chemical Industries— 
—Biennial exposition, Feb. 25-Mar. 2, 
Grand Central Palace, New York 17, N. Y. 


Technical Association of the Pulp and Paper 
Industry—National meeting, Feb. 25-28, 
New York, N. Y. 


American Welding Society—National meet- 


ing, Feb. 4-7, Hotel Cleveland, Cleveland. 


American Society for Metals—National ex- 
position and congress, Feb. 4-8, Public 
Auditorium, Cleveland. 


American Industrial Radium and X-ray So- 
ciety—Annual convention, Feb. 6-8, Hollen- 
den Hotel, Cleveland, Ohio. 


Optical Society of America—Winter meet- 
ing, Mar. 7-9, Hotel Statler, Cleveland. 


American Society for Testing Materials— 
Committee Week and Spring meeting, Feb. 
26-30, Hotel William Penn, Pittsburgh. 


— — — — — — — 








New 1946 President of the Society of 
Automotive Engineers—L. Ray Buck- 
endale, vice president of Timken-De- 
troit Axle Co., who, succeeding James 
M. Crawford of Chevrolet Motor Div., 
General Motors Corp., presided over 
the first S.A.E. convention since 1941. 





Vapor Blasting of Metal Parts 
To Be Studied at Battelle 


INVESTIGATION OF THE FULL POTENTIALTIES 
of “liquid honing” as a metal. product 
manufacturing tool has begun in the produc- 
tion research laboratories of Battelle Me- 
morial Institute, Columbus, Ohio. 

In a program of research sponsored by the 
Vapor Blast Mfg. Co., Milwaukee, Battelle 
engineers will explore the uses and limita- 
tions of this metal finishing technique, in- 
vented 2 years ago, and which found appli- 
cation in war manufacturing. In addition, 
they will attempt refinements and the dev- 
velopment of better control methods of use. 

Liquid honing, or vapor blasting, is a 
method of putting highly polished or super- 
smooth finishes on metal parts. See PRopucT 
ENGINEERING, July 1944, page 468. It is 
based upon the use of a very fine abrasive 
in a chemical emulsion. The emulsion is 
discharged by compressed air against the 
surfaces to be finished in a fashion analogous 
to sand blasting. By the abrasive action of 
the emulsion, finely polished finishes are 
given to the parts. 


Social Effects of Science 
Bibliography Compiled 


As AN AID in the study of legislation on 
science now before Congress, the Subcom- 
mittee on War Mobilization of the Senate 
Military Affairs Committee has issued a 
select bibliography on “The Social Impact 
of Science." The bibliography, prepared by 
the Library of Congress, lists more than 500 
titles of books, pamphlets, articles and Con- 
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gressional bills and reports dealing with the 
social and economic problems arising from 
scientific progress. A special section covers 
the available literature on atomic power, 
including several volumes still in press. 


New Welding Society Award 


TO STIMULATE UNDERGRADUATE INTEREST 
in welding, funds have been donated by 
A. F. Davis, of the Lincoln Electric Com- 
pany, for the A. F. Davis Undergraduate 
Welding Award, which will consist of four 
cash prizes totaling $700 to be presented 
annually to authors and publications for 
the best and second best articles on welding 
published in undergraduate magazines or 
papers during the preceding year. Any un- 
dergraduate of a college, university, or insti- 
tute of technology in the United States or 
Canada is eligible, but the paper must be 
published in an undergraduate publication. 
Six copies of the publication must be for- 
warded to the office of the American Weld- 
ing Society marked to the attention of the 
Chairman of the Educational Committee. 
Judges selected by the Educational Com- 
mittee of the American Welding Society 
will select the winning paper in July of 
each year on the basis of originality of the 
paper and thoroughness in which the sub- 
ject is covered. The awards will be as fol- 
lows: $200 each to the author of the best 
paper and to the publication in which it 
appears, and $150 each to the author and 
the publication for the second best paper. 


Engineers Develop 
Gypsum Products 


As A RESULT of developments for war pur- 
poses initiated by the Army Engineers, 
gypsum products in various forms promise 
to play an important part in permanent 
building construction, according to the War 
Department. Among the examples cited 
is a dry wall, self supporting, two ply lami- 
nated gypsum board interior partition. In 
addition to its flexibility and space saving 
characteristics, this product should lend 
itself readily to post war prefabricated con- 
struction, low cost housing and architectural 
design. Another product is a structural, 
light weight gypsum board, surfaced om its 
sides with a tough, flexible sheet of asbestos 
fibre and cement. 


Betatron X-Ray Machine 
Ready for Industrial Uses 


CONTROLLED BETATRON MACHINES, that 

enerate 20,000,000 volt X-rays, are ready 
or industrial use, Gail D. Adams, Jr., of the 
University of Illinois physics department, 
told the Marquette University's radiography 
symposium in Milwalkee. 

Perfected in secret during the war, the 
betatron was invented by Prof. Donald W. 
Kerst of the University of Illinois and now 
a commercial model has been made for in- 
dustry and medicine. 

The 20,000,000 volt machine makes X-ray 
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pictures through 20 inches of steel in 1 1/2 
hours, shows up flaws as small as 1/32 inch, 
produces images enlarged to three times size, 
and produces sharply defined photographs 


because of the pin-point source of the 


X rays. 

Ihe commercial model is arranged for 
simple, inexpert operation and takes a space 
only five fect long, three feet high and two 
feet thick 


l'he betatron operates by accelerating 
electrons, the light-weight satellite particles 
of an atom, to a speed approaching the 
speed of light. 

Electrons are injected into the doughnut 
shaped vacuum tube and are speeded by the 
rising phase of an alternating current in the 
magnet. The concentrated beam from this 
point has been calculated to equal the radia- 
tion from at least 5,000 grams of radium. 


- 





DISCUSSIONS AND COMMENTS FROM READERS 





Comment on Guest Editorial 
On Modernizing Patent System 


lo the Editor: 


Colonel Toulmin's editorial "How Can 
Our Patent System be Modernized,” in your 
September issue seems to overlook some of 
the realities. It may be true that Patent 
Office examiners sometimes strive too hard 
to defeat an application, but it would hardly 
improve things to relieve them of the duty of 
searching through prior patents. The picture 
of the state of the art obtained by actually, 
personally going through all the patents is 
quite different from what one might con 
clude by glancing over a few patents selected 
by another person. And where is any time 
saved by hiring another man to search for 
the examiner? Such other man must read 
the application just as intelligently and search 
just as diligently as the Examiner now does, 
and with the background of all he had seen, 
would be better qualified to pass on the 
novelty of the invention than a person hav- 
ing the title of examiner who merely took 
what was handed him. The first man would 
tend to have knowledge without authority, 
and the second man authority without first 
hand knowledge; neither would have real 
responsibility, and the net result would be 
encouragement of buck-passing, and even 
more complaints from inventors. 

Actually, what Colonel Toulmin suggests 
has in a reasonable degree been in effect in 
the Patent Office for fifty years. Strictly 
speaking, the examiners do not search unless 
some unusual situation arises. It is the as- 
sistant examiners who search. At first, with 
a new assistant, the principal examiner of a 
division goes over each case with him. Later 
as he sees that the assistant examiner is 
capable of forming sound judgments, he lets 
the assistant write the letters which go out 
as the official actions of the Chief Examiner 
of the division. Experience has determined 
the size of a division that can operate effec- 
tively under such a system—usually, eight or 
ten assistants to one Examiner. This really 
makes the assistants responsible for the work 
they do, and eliminates buck-passing. To 
give each assistant a sub-assistant to do his 
work for him would be a beautiful example 
of feather-bedding, and would result in pay- 
ing the man who did the really intellectual 
work less than the man who watched him. 
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Ihe other plea of Colonel Toulmin for 
bigger and better libraries has also not stood 
the test of time. Examiners are perfectly free 
to use libraries, but experience has shown 
that there is no better place than the patent 
files to locate a reference. A patent search 
reveals things never found in any book; and 
besides, examiners have their books, too, in- 
cluding private files of clippings. It is true 
that when an attorney makes a real validity 
search he may spend days or weeks in a 
library, or travel hundreds of miles to run 
down a rumor of a prior machine, but the 
Patent Office never can nor will make that 
kind of a search, in the one chance in a 
thousand that it may locate something. The 
Patent Office does a good job on straight 
patent searching, amply sufficient to establish 
prima-facie validity. 

It will not improve the speed or quality of 
patents g granted to have two men doing one 
man’s job nor to encourage endless browsing 
in libraries. There is no better preparation 
for a judicious decision than personally dig- 
ging out the facts. —RosertT V. Morse 

Cornell University 


To the Editor: 


In reply to Mr. Morse’s letter: Both 
parties referred to in the first paragraph of 
his letter would work from the same papers 
so they would have the same first hand 
knowledge. The final decision would rest 
upon the examiner so that there would be 
no buck-passing. 

The term “examiner” referred to in the 
second paragraph of his letter was a generic 
term for both Primary Examiners and As 
sistant Examiners. Mr. Morse has failed to 
perceive the distinction between the judicial 
function and the searching function, which 
was the entire point of the editorial. 

Mr. Morse is obviously completely un 
aware of the deficiency of the examiners' 
official and private files. He is unaware that 
major pieces of patent litigation reveal the 
fact that neither the Patent Office nor the 
libraries accessible to the Patent Office offi- 
cials contain the information upon which 
the courts defeated the patents. The “brows 
ing in libraries” to which he refers is a pro- 
cedure followed by all responsible law firms 
charged with the defense of patent litigation 
or the determination of validity and novelty. 
Very large sums of money are paid to men 





of the highest professional skill and attain 
ments who spend much of their lives in 
browsing in libraries by the best informed 
industrial corporations in the United States. 
* . —H. A. TourMiN Js. 

Toulmin & Toulmin 


Design Division and 
Standardization 


To the Editor: 

I am writing to you because of your edi- 
torial in the October issue, on the American 
Society of Design Engineers. I am very 
much interested in what you have written, 
especially as it concerns my own subject— 
standardization. In the same way that De- 
sign Engineers as a group have not had the 
opportunity for expression, and the proper 
consideration by Engineering Management 
within their own varied industry engineer 
ing departments, neither has the subject of 
standardization had the right consideration. 
It has not been considered in the engineer. 
ing operations, as other facilities have. Most 
of the top management give the subject no 
more than a passing thought. 

A good standard is like a jig or fixture, 
holding certain operations within prescribed 
limits, while the next operation is being per- 
formed. There is nothing "frozen" in that. 
It is the most natural of shop practices. But 
the big men do not seem to think of it. I 
was agreeably surprised to read recently 
the “Report of the Policy Committee,’ ’ pub- 
lished in the A.S.A.’s “Industrial Standard- 
ization,” for July, I believe. Secretary Wal- 
lace, of the Department of Commerce re- 
quested that a “policy committee" be 
formed, to declare the policy of combined 
industry on standards. Mr. Charles E. Wil 
son of G. E. was made chairman, and began 
his report with the words: “The conference 
endorsed the report and expressed the opin- 
ion that the top-management of industry 
should give attention to the rapid growth 
of standards and provide for its orderly de- 
velopment.” This is quite some statement. 

I should be very pleased to see a design 
engineers’ setup in the A.S.M.E., for exam 
ple, and to see a strong committee carrying 
the right principles of standardization and 
interchangeability into every important ac 
tivity of the design engineers. 

ARON 

Standards Engineer 
Northrup Aircraft, Inc. 





Hydraulic Systems Articles 
Bring Praise From Reader 


Io the Editor: 


I have been following very closely the 
articles in Propucr ENGINEERING on "De 
sign of Hydraulic Systems,” by Howard 
Field, Jr. I wish to say that this appears to 
be the first accurate and adequate compila 
tion of hydraulic systems. Please relay to the 
author my comments on the quality of his 
work, ~ —Perer F. RossMAN 

General Manager, Development Div., 
Curtiss-Wright Corp. 
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MANUFACTURERS’ PUBLICATIONS 





HYDRAULIC UNITS—John $S. Barnes 
Corp., 301 S. Water St., Rockford, Ill. Bul 
letin No. 302-U, 4 pages. Data and specifi 
cations on the Barnes self-contained L-type 
hydraulic units. 


RUBBER BELT JOINTS—The B. F. 
Goodrich Co., Akron, Ohio. Pamphlet, 4 
pages. Illustrated step-by-step description of 
making rubber belts endless by the Ply 
lock method. 


WIRE CLOTH—The Cambridge Wire 
Cloth Co., Cambridge, Md. Bulletin No 
79, 4 pages. Descriptive information on wire 
cloth, baskets, and wire conveyor belts. 


SPOT CONVEYOR—Island Equipment 
Corp., 101 Park Ave., New York 17, N. Y. 
Bulletin, 6 pages. Specifications and data on 
this conveyor system. 


FOUNDRY EQUIPMENT — American 
Foundry Equipment Co., Mishawaka, Ind 
Catalog No. 40, 24 pages. Descriptive in 
formation on abrasive blast cleaning, airblast 
accessories, shot peening equipment and 
rod straightening machinery, 


CONVERSION FACTORS—I-T-E Cir 
cuit Breaker Co., 19th and Hamilton St., 
Philadelphia 30, Pa. Wall chart. This chart 
contains conversion factors and definitions 
of electrical units and prefixes. 


PLASTICS—MclInermey Plastics Co., 655 
Godfrey Ave., S.W., Grand Rapids 2, 
Mich. File Chart, 4 pages. A complete 
analysis of the various types of plastics in 
tabular form. 


HINGED GEAR JOINT—The Gray and 
Prior Machine Co., 610 Windsor Ave., Hart 
tord 5, Conn. Leaflet, 1 page. Specifications 
on the hinged gear joint for hand-operated 
remote controls. 


UNIVERSAL JOIN T—The Gray and 
Prior Machine Co., 610 Windsor St., Hart 
ford 5, Conn. Booklet No. 10, 8 pages. 


Specifications and data on the Atlas univer 
sal joint. 


HANDBOOK—Pesco Products Co., 11610 
Euclid Ave., Cleveland 6, Ohio. Handbook, 
7/8 pages. Complete reference material on 
Conversion factors and miscellaneous engi- 
heering data. 


COOLANT FILTER—Cuno Engineering 
Corp., Meridan, Conn. Bulletin No. 3110, 4 


pages. Information and specifications on the 
Coolant-Klean filter. 


RUBBER AND SYNTHETICS—The 
B. F. Goodrich Co., Akron, Ohio. Booklet, 
12 pages. Suggested applications for rubber 
and synthetic products. 


MOTORS — Allis:.Chalmers, Milwaukee, 


Wisc. Booklet, 12 pages. Complete data and 
specifications on Allis‘Chalmers Lo-mainte- 
nance motors. 


ALLOY WELDING—Arcos Corp., 1515 
Locust St., Philadelphia, Pa. Reference 
Chart 20 in.x 30 in. Tabular material on 
high and low alloy welding electrodes. Data 
includes corrosion resistance, heat resistance, 
weld metal surfacing, welding current and 
voltage. 








ELECTRIC EQUIPMENT—General Elec 
tric Co., Schenectady, N. Y. Booklet, 24 
pages. Information on controls, motors, 
heaters and all other electrical equipment 
used for co-ordinating all processing opera- 
tions in the food industry. 


BRASS—Bridgeport Brass Co., 30 Grand 
St., Bridgeport 2, Conn. Handbook, 128 
pages. A complete reference book on the 
manufacture, uses, characteristics and prop- 
erties of brass mill products 


PLUGS AND CONNECTORS—Alden 
Products Co., 117 N. Main St., Brockton 
64, Mass. Leaflet, 2 pages. Data and specif 
cations on shielded plugs and connectors for 
radio equipment. 


RESINS—Dourite Plastics inc., 5000 Sum 
merdale Ave., Philadelphia, Pa. Bulletin No. 
24, 7 pages. Data on resins for indurating 
plaster of Paris covering both resorcinol and 
aminoplast resins mixed with plaster before 
casting or shaping or for impregnating the 
set molded plaster piece. 


RESIN ADHESIVES—National Adhesives, 
270 Madison Ave., New York 16, N. Y. 
Booklet, 19 pages. Information on the selec 
tion and use of synthetic resin adhesives for 
packaging, converting, and assembling opera 
tions 


HYDRAULIC CYLINDERS — Gerotor 
May Corp., Logansport, Ind. Booklet, Sec- 
tion 50, 12 pages. Data and specifications on 
the air and low-pressure hydraulic cylinders 
manufactured by this firm. 


VIBRATION ELIMINATORS — Blaw- 
Knox Co., Power Piping Div., 1525 Penn- 
sylvania Ave., N.S., Pittsburgh 12, Pa. Cat 
alog No. 2026, 32 pages. Data on standard 
and special types and sizes of functional 
spring hangers and vibration eliminators, 
with instructions for selection and installa- 
tion. 


STAINLESS STEEL—Republic Steel 
Corp., Advertising Div., 3100 E. 45th St., 
Cleveland 4, Ohio. Booklet No. ADV. 430, 
32 pages. Wartime and peacetime uses of 
Republic Enduro stainless and heat-resisting 
steels are described and illustrated. 


OXYACETYLENE PROCESSES—Air Re- 
duction Sales Co., Inc., 60 E. 42nd St., 
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New York 17, N. Y. Booklet, 30 pages. In- 
formation on the use of oxyacetylene in 
such steel foundry applications as flame 
scarfing, flame gouging, and flame descaling. 


CORROSION-RESISTANT MASONRY 
—The U.S. Stoneware Co., Akron 9, Ohio. 
Bulletin No. 810, 50 pages. Information on 
the materials and construction methods for 
tanks, towers, sumps, floors and other 
masonry construction. 


ROLLED SHAPES—Lukenweld, Inc., 272 
Lukens Building, Coatesville, Pa. Pamphlet, 
7 pages. Descriptive information on the 
variety of special rolled shapes available 
through the facilities of this firm 


METALLIC FRICTION MATERIALS— 
The General Metals Powder Co., 130 Eli- 
nor Ave., Akron 5, Ohio. Folder, 4 pages. 
Descriptions of various types of compressed 
metallic friction materials and clutch and 
brake disks. 


THERMOSETTING MOLDING MATE- 
RIAL—Bakelite Corp., 300 Madison Ave., 
New York 17, N. Y. Booklet, 36 pages 
Complete information on the selection of 
the right thermosetting molding material 
for any given application. 


THERMOCOUPLES—Wnheelco Instru 
ments Co., Chicago 7, Ill. Bulletin No. S26, 
32 pages. Information on the selection of 
proper thermocouples and accessories 


DIE CASTINGS— Parker White Metal and 
Machine Co., 2153 McKinley Ave., Erie, 
Pa. Booklet, 30 pages. Descriptive informa- 
tion and specifications on the die casting 
facilities of this firm. 


TRANSMISSION BELTING—tThe B. F 
Goodrich Co., Akron, Ohio. Catalog Sec 
tion No. 2100, 4 pages. Data and specifica 


tions on Highflex transmission belting 


STEEL HARDENING—Perfection ‘Tool 
and Metal Heat Treating Co., 1740 W 
Hubbard St., Chicago 22, Ill. Booklet, 12 
pages. Information on the hardening of soft 
steels and supplementary treating of pre 
viously hardened and finished steels without 
danger of fracture or distortion. 


THERMOSWITCHES—Fenwal Inc., 15 
Pleasant St., Ashland, Mass. Catalog, 40 
pages. Complete data and specifications on 
the flange-head, cartridge block-head, air, 
immersion, high-temperature, and general 


purpose thermoswitches manufactured by 
this firm. 


ELECTRICAL INSULATING MATE 
RIALS—William Brand & Co., 276 4th 
Ave., New York 10, N. Y. Catalog, 32 pages. 
Data and specifications on the various types 
of dielectric materials available through 
this firm. 


INSTRUMENTS—Electro-Tech Equip 
ment Co., 119 Lafayette St., New York 13, 
N. Y. Catalog, 25 pages. A complete list- 
ing and description of the industrial electrical 
and electronic instruments and instrument 
supplies available from this firm. 
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The Plight Of Our Patent System 


CLARENCE G. GALSTON 
United States District Judge 


A patent is defined in the light of the objectives of the framers of the Consti- 
tution. These objectives have not changed but various abuses in patent prac- 
tice have arisen, which the courts have attempted to remedy. The author 


contends that the situation is now so serious that more than court action is needed. 


ALL FORMS of monopoly are now sus 
pect; even patents, a form of lawful mon- 
opoly, have in recent years been the object 
of intensified attack. Indeed, the plight of 
patents is such as to lead competent observ- 
ers to fear a breakdown of our patent system, 
Such an eventuality would be a complete 
defeat of the constitutional objective, ex- 
pressed with great wisdom when the mem- 
bers of the Convention wrote into the Con- 
stitution the provision which empowered 
the Congress to “promote the Progress of 
Science and useful Arts by securing for 
limited Times to Authors and Inventors the 
exclusive Right to their respective Writings 
and Discoveries.” 

The object of the Framers if seeking to 
encourage invention was not adventitious, 
for it must be assumed that they were 
familiar with English history. The Statute 
of Monopolies of 1632 exempted owners of 
patents from its stringent provisions. Patents 
for inventions were not then deemed odious 
monopolies, nor should they be so regarded 
today. Unless an inventor seeks a patent he 
is under no compulsion to disclose his in- 
vention. patents create property 
rights, i.e., the right of the owner to enjoin 
anyone for the life of the patent from mak- 
' or selling the patented process or 
On the other hand, the public in 
right obtains 
substantial privileges, for at the expiration of 


True, 


irticle 


exchange for that property 


the term of the grant, all are free to use the 


invention he 


ght wl 


public is deprived of no 


ri ich it possessed before the grant. 


That progress has been made in science 


and the arts because of the patent system 
cannot seriously be doubted. That is 
true in almost every conceivable field of 


human endeavor 


For many years our patent 
system was unexcelled. To the inventor who 
disclosed in his application a new and useful 
process, machine, manufacture or composi 
tion of matter, was awarded a patent for 
No other 


world encouraged the arts and sciences more 


seventeen vears. country in the 
cffectively by its patent laws. For more than 
! century a patent grant meant exactly what 
rght of the 
patentee to exclude anyone from making, 
using or selling the patented invention. De 


it purported to award—the 


spite the failure of the statute to define the 
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Before being appointed to a judgeship of the U. S. Eastern District Court of 
New York, Judge Galston was in private law practice and lectured on patent law. 


term invention, courts had no difficulty in 
sustaining the validity of patents. It was 
accepted doctrine that in addition to being 
new and useful, the thing patented had to 
result from an inventive act—an inspiration 
beyond the mere skill of the artisan. Thus 
by the ingenuity of our people, American 
industry went forward in leaps and bounds. 

Not content with the clear limits of the 
patent ) 
devious expedients sought to extend the 
frontiers of their monopoly. took 
varied forms. Some sought to impose price 


owners, unfortunately, by 


grant 
Abuses 
restrictions on the patented articles licensed 


or sold. Efforts were made to limit the use 
of the patented device with articles not 


within the patent grant, as for example when 
the manufacturer of a mimeographing ma 
chine restricted the purchaser to its usc with 
a particular brand of ink. Another expedi 
ent more difficult to condemn on strictly 
legal grounds was the pooling of patents by 


competitors, which had the natural ten 
dency to restrict competition or otherwise 
restrain trade. Now latterly we hear a good 
deal about cartels, a form of agreement be 
tween domestic and foreign producer which 
is alleged to restrict competition. 

Thus unfair practices by patent owners 
not unnaturally set up resistance t patents. 
Courts condemned not only the abuses but 
also formulated more rigid tests inven: 
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tion. They struck down patents which 
failed to meet such tests without, however, 
filling the statutory void by affirmatively 
defining the term “invention.” It is because 
the pendulum has swung so far against 
patents that revision of the patent statute 
is to be desired. Certainly there has de- 
veloped in the minds of many an over. 
emphasis of the violations of the grant, 
with a disregard of the real constitutional 
objective. 

One result has been to deprive patents 
effectively of that presumption of validity 
which for many years was accorded to the 
patent grant. Somewhat cynically, members 
of the patent bar have said that the pre- 
sumption now, if any, is against the patent. 

What then is the remedy, if the "progress 
of science and the useful arts" is to be pro- 
moted by the grant of patents? President 
Roosevelt endeavored to meet the difficulty 
by the appointment of a National Patent 
Planning Commission. That committee pre- 
sented two reports, one in 1943, a second 
in 1945. Neither of these reports has led 
to Congressional action. President Truman 
has also appointed a committee to explore 
the relation of patents to the antitrust 
statutes. Both of these committees are 
headed by exceptionally qualified chairmen 
—the former by Mr. Charles F. Kettering, 
and the latter by Mr. William H. Davis, 
a recognized leader of the patent bar. It is 
to be hoped that their work will result in a 
thorough revision of what is now an ancient 
statute. Also it is to be hoped that these 
commissions and the committees on patents 
of the Senate and the House of Representa- 
tives will apprehend that judgts neither by 
their general nor their special education are 
equipped, in an intricate field of modern 
science, to resolve the issue of invention. 
Many instances could be cited of patents 
which deal with subject matter wholly 
beyond the understanding of those outside 
the field. A recent example may suffice to 
point the difficulty. Word comes of a gi- 
gantic mathematical automaton, developed 
by Samuel H. Caldwell, Director of the 
Massachusetts Institute of Technology. The 
early publication indicates that this machine 
is designed “to relieve human beings of the 
drudgery of difficult calculations and to 
solve mathematical problems economically 
beyond ordinary means of solution." This 
machine would solve in a few hours or 
minutes problems which would occupy a 
group of trained computers many laborious 
weeks. Its operation is electro-mechanical. 
Now, of course, many computing machines 
have been devised and successfully used. In 
the new instrument it is said that “all set- 
tings and connections are automatically ac- 
complished by electrical couplings, making 
an instantaneous process." The instrument 
and process are so complex that it is said 
that many mathematicians admitted they 
are baffled about its operation. Thus it can 
be readily seen that if patents are granted to 
Cover its subject matter, whether of struc- 


ture or process, for any judicial mind to de- 
termine whether invention was involved 
would require first of all a complete under- 
standing of the specifications of the patent. 
Even if courts were aided by the assistance 
of non-partisan experts the court’s decision 
would in effect be not its own conclusion 
but the judgment of the expert. Judges who 
attempt to appraise the inventive act find 
neither dependable formula nor yardstick 
available. Indeed, in their own field judges 
have no little difficulty in reaching agree- 
ment among themselves on a controversial 
issue of fact or law. In proof whereof it is 
doubtless trite but nevertheless convincing 
to refer to the many decisions of a divided 
court. If then the factor of certainty in the 
general field of jurisprudence is lacking, a 
fortiori determination of the issue of inven- 
tion readily falls within the domain of the 
haphazard. Many years ago Judge Learned 
Hand somewhat plaintively observed: 

“How long we shall continue to blunder 
along without the aid of unpartisan and 
authoritative scientific assistance in the ad- 
ministration of justice, no one knows.” 

Mr. Drury Cooper, an eminent member 
of the patent bar with almost fifty years of 
experience, goes further and has urged that 
the issue of invention be withdrawn from 
the courts. 

A midway position would seem feasible. 
If the technically trained minds in the 
patent office had the benefit of sitting in 
adversary proceedings so that the full prior 
art could be adduced, then patents in in- 
fringement suits could reach the courts with 
a real and not merely ostensible presumption 
of patentability. The remaining issue of 
whether the defendant infringed the pre- 
sumably valid patent would thus minimize 
the area of controversy. Important patents 
would be saved and applications for patents 
of inconsequential improvements would 
meet defeat in the patent office by those 
competent to pass on the technical matters 
presented. Under the present practice— 
except only in interferences between in- 
ventors each of whom claims priority—the 
examiner in the patent office hears only the 
applicant and not infrequently yields to the 
one sided argument which he presents. 
That practice may explain why so many 
patents are issued, only a few ever advance 
beyond the paper stage, and why so many 
litigated patents fall by the wayside. 

Meanwhile if the trend of striking down 
patents for lack of invention persists, dis- 
cussion of other suggested amendments to 
the statute, such as provision for compul- 
sory licenses, forfeiture for abuse of the 
monopoly grant and limitation of time dur- 
ing which astute solicitors keep applications 
pending for an inordinate period in the 
patent office prior to final allowance by the 
Commissioner—all of such matters are of 
but secondary significance. In other words, 
unless the present controlling judge-made 
law is revised by Congressional action, it is 
idle to issue patents which will not survive 
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the severe tests of validity now imposed by 
the courts. 

The investigating commissions will doubt- 
less make clear to the Congress that the day 
of what in the public mind is termed a 
“basic” patent is over (though since the 
shattering or harnessing of the atom, con- 
ceivably industrial adaptations thereof may 
yield inventions of broad and primary scope). 
The overwhelming percentage of inventions 
has to do with improvements of well known 
processes, machines, manufactures or com- 
positions of matter. This is an age of high 
specialization. Every industry has its research 
laboratory. Nevertheless it has been con- 
tended by one court that inventions de- 
veloped in the research laboratory should 
not be rewarded by the grant of patents. 
Fortunately no other court has adopted that 
view, which in withdrawing the reward, 
would destroy the object of the constitu- 
tional clause. In this age of science, coop- 
eration of physicist, chemist, mathematician 
and engineer is the order of the day. Surely 
if this is not the horse-and-buggy age, 
neither is it that of the "garret" inventor. 
It can hardly be expected that industrial or 
other organizations will appropriate huge 
sums of money to support research if their 
competitors are to be in a position, without 
cost, to avail themselves of the discoveries 
thus effected. The Constitution not only 
sanctions but recommends that reward be 
made to inventors. There is neither an 
expressed nor implied bar which would 
justify withholding the grant because the 
applicant is a research worker, or one of a 
group of such workers. 

The desirability of furthering scientific 
research, has, of course, been recognized by 
our Government. It has set up the Office of 
Scientific Research and Development. The 
needs of our postwar economy will be stimu 
lated by the workers of that bureau as well 
as by privately controlled scientific insti- 
tutes. After the wonders of radar and the 
atomic bomb discoveries, it can scarcely be 
doubted that such research is a necessity for 
our future welfare and safety. 

Conceivably a national foundation could 
be supported, staffed by experts in many 
industries. Conceivably also the results of 
such research could be made available to the 
public by the granting of licenses by the 
government; but it is doubtful whether any 
one foundation could encompass the myriad 
forms of industry now under private con- 
trol. Unless we are headed for national- 
ization of all industrial and scientific re- 
search with consequent discouragement of 
individual or corporate initiative, govern- 
mental research in science and industry 
should be supplemented by university and 
private industrial exploration. 

If then progress in private industry is to 
be encouraged, enough has been set forth 
to show that we should maintain a system 
of sound rewards, and that therefore the 
existing statute, especially in its kev provi- 
sions, should be thomgnghly revised. 
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Pratt & Whttney Aiwcrajt and Foote Bros, Gear and Machine Corporation 


Auxiliary impeller shaft for aircraft supercharger. Note oil slinger at right 
of large gear and vent groove between retainer ring recess grooves. 


Seals for Preventing Oil Leakage 
In High Speed Superchargers 


ZOLA FOX 


Design Engineer, Sperry Gyroscope Company, Inc. 


Methods of preventing oil leakage through openings for shafts in gear cases and 


bearing housings of high speed superchargers where pressure differentials exist 


across the seal. 


Design features and performance of ring, labyrinth and con- 


tact types of oil seals are discussed and their relative advantages compared. 


FUNDAMENTAI 


that must lx 


REOUIREMENTS 


in the design of 


considered 


bearings and methods of lubrication for high 


speed superchargers have been discussed in a 


previous article, see PRODUCT ENGINEERING, 


I . 
inuarv, 1946, page 8. That article surveyed 


$ 


he advantages and disadvantages of ball, 


] ] } ] 
roller and plain bearings, ind also described 


methods of venting, floating bushings, bear 


ing nut locking devices and thrust collar de 
tails. This article deals with oil sealing prob 
lems and the several types of seals generally 
used 


in high speed superchargers. 
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Many 


spent in the development of suitable oil 


manhours of research have been 


seals. Oil seal leakage is undesirable since 
it increases the oil consumption of the en- 
gine, may lower supercharger and engine 
performance, and increase maintenance re 
Aso oil seal leakage can be a 
nuisance during ground test of engines. 

that are 
suitable for machine applications, the sealing 
element is a ring of synthetic rubber, leather 
or felt, and sealing is accomplished by radial 
contact of the sealing element on the rotat 


quirements, 


In many commercial oil seals 


PRopuci 


ing members. Few, if any, of these scals are 
effective in superchargers; primarily because 
of the high pressure differential across the 
seal. 
cessive shortening of the life of the seal 
Leakage of oil into the supercharger from 


the gear case or bearing housings may be 
= > - 


These two factors contribute to ex 


come a critical development problem Vr 
pressure in the bearing or gear housings Ot 
the supercharger is usually nearly equal to 
crankcase pressure, which is generally s! 'htly 
higher than atmospheric. ‘The static pres 
sure inside the supercharger is general! be- 
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low atmospheric at the relatively small 
diameters usually sealed. ‘Therefore, under 
most conditions of operation, especially 
when the engine is idling, a resultant pres- 
sure differential exists that may cause leak- 
age of oil into the supercharger. 

In the order of prevalence there are three 
types of oil seals used in superchargers: (1) 
Ring type oil seals, (2) labyrinth oil seals, 
and (3) contact type oil seals. 


Rinc Type Or Sears. A section through 
a typical ring oil seal is shown in Fig. 2. 
The principal parts are: The rings, which 
resemble conventional piston rings; the re- 
tainer, which may be integral with shaft; 
the sleeve; the vent; and an oil slinger. The 
amount of oil leakage through such a seal 
will depend upon the pressure drop across 
the component parts of the seal, the efh- 
ciency of the oil slinger and the effective 
ness of the vent. Venting serves an im- 
portant function. The amount of oil or 
fluid, in general, passing through an open 
ing is determined by the frictional resistance 
of the passageway and the pressure differen 
tial across it. 

If an oil seal is considered as a group of 
passageways in series, in Fig. 2 each being 
a ring, and if the pressure differential across 
the rings nearest the source of oil leakage 
be reduced, the amount of oil leakage 
through these rings would also be di- 
minished, thereby resulting in less leakage 
through the entire seal. Venting attempts 
to accomplish this. 

The vent duct is usually a cored passage- 
way or cast-in-tube that communicates from 
an annulus surrounding the oil seal sleeve, 
which is radially drilled or slotted, to a fit- 
ting on the outside of the supercharger or 
engine crankcase. 

The vent passageway should connect to 
the atmosphere by the most direct means 
with as few bends and turns as possible. 
The size of the passageway should be as 
large as is convenient and not much smaller 
than à in. in diameter, if round. The sum 
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Oil seal rings 


Fig. |—Impeller and impeller shaft with thrust ring and oil seal components. 
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Fig. 2—Assembly details of a ring type oil seal for high speed superchargers. 


total of the areas of the radial holes in 
the sleeve that vents the oil seal should 
be equal to the cross sectional area of the 
vent. The net effect of the vent is to in- 
troduce nearly atmospheric pressure on the 
suction side of the group of rings nearest 
the oil supply and thereby cut down the 
pressure differential and the oil leakage. As 
indicated in Fig. 3, the pressure differential 
causes the rings to ride in the grooves on 
the suction side of the oil seal. The rings 
are expanded by tension against the station- 
ary sleeve. ‘The pressure drop presses the 
flanks of the rings against the sides of the 
grooves of the rotating retainer. The rings, 
therefore, rotate or slip, their rotative speeds 
depend upon the coefficient of friction be 
tween the rings and the contacting surfaces, 
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and the forces exerted by the pressure dif 
ferential and the ring tension. 

Wear of the rings occurs on the low pres 
sure side of the groove. Wear is most 
severe on the ring nearest the source of low 
pressure, because the greatest pressure drop 
is at the ring nearest the suction source. In 
addition, the oil, having already passed 
through other rings near the leakage source, 
has lost some of its lubricating qualities. The 
wear, of course, is a function of the finish 
of the rings and retainer groove sides; the 
coefficient of friction between the mate- 
rials; and most important, the pressure drop 
across the ring in question. Increasing the 
number of rings will decrease the loading 
or net resultant force on each ring and 
thereby reduces the contact pressure be- 
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Fig. 5—Poor, improved, and preferred designs of oil seal sleeves. 


tween each ring and the retainer, thus re- 
sulting in a reduction of wear. 

Oil seal rings are generally machined 
from cast bronze or cast iron. A.M.S. 7322 
bronze oil rings are widely used. The gap 
between the butting ends of the rings should 
be as small as possible to keep leakage 
through the gap at a minimum, but should 
be large enough to allow for expansion of 
the rings. The material in the rings usually 
has a higher coefficient of expansion than 
the material in the oil seal sleeve. The gap 
clearance for usual ring sizes ranges from 
0.003 to 0.008 in. when the ring is in- 
serted in a standard gage. 

Circularity of the ring is inspected by a 
light leakage check, and specifications re- 
quire perfect light tightness when in a 
master sleeve. The finish on the flanks 
of the rings call for a minimum roughness 
of 13 microinches r.m.s. The minimum 
width of the ring is usually fixed by machin- 
ing limitations on finishing the sides of the 
groove of the retainer. The radial thick- 
ness of the ring depends upon the ring 
tension desired. The minimum ring tension 
called for is usually about a pound per inch 
of ring diameter. 

The side faces of the grooves in the hard- 
ened steel retainer are finished within a 
maximum roughness of 10 microinches, 
r.m.s. The diametral clearance of the re- 
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tainer in the sleeve must also be consid- 
ered. The smaller the retainer-sleeve clear- 
ance, the greater the frictional resistance of- 
fered to oil leakage, and since the bearing 
area of the flank of the ring rubbing against 
the groove side is increased, for a given pres- 
sure drop the unit contact pressure is de- 
creased and hence the wear. 

Wear of the rings is occasionally a seri- 
ous development problem. Experience has 
indicated that a nominal diametral clear- 
ance between the retainer and the sleeve of 
about 0.020 in. is practical. While one 
machine, to the author’s knowledge, has 
operated successfully over varying ground 
test conditions with a diametral clearance 
of 0.006 to 0.008 in., any unusual unbal- 
ance or vibration of the rotor assembly such 
as may be caused by a fatigue crack in 
the impeller has resulted in rubbing of the 
retainer against the sleeve. The side clear- 
ance of the oil seal ring in its groove is 
usually 0.003 to 0.005 of an inch. 

Some retainers are made of alternate large 
and small rings of small axial width, Fig. 4. 
This washer assembly type of retainer has 
the advantage of facilitating lapping and 
accurate grinding of the faying surfaces, as 
well as permitting installation of the rings 
without first stretching them over the outer 
diameter of the retainer. 

In the design of the oil seal sleeve, ac- 


curacy of diameter and circularity are of 
paramount importance to good perform- 
ance. Flimsy sleeves, Fig. 5, are apt to 
be distorted while being machined, or by 
housings that are permanently out of round, 
or that may become so because of mechani- 
cal or thermal stresses.  Rigidly designed 
sleeves held in place by a snap ring or a 
separately bolted collar are preferable to a 
flimsy sleeve with a heavy flange. Lack of 
squareness of the housing end face with its 
bore or of the sleeve flange with its I. D. 
will result in distortion when the hold 
down nuts or cap screws are tightened. 
The sleeve generally is made of a carburiz- 
ing grade of steel carburized on the LD. 
to a minimum hardness of 58 Rockwell 
"C" and ground to a diameter within a 
tolerance of +0.001 of an inch. 


LasyrintH Orr Sears. Labyrinth oil seals 
are more or less a standard way of sealing 
fluids in high speed machinery and have 
been rather completely and successfully ex 
ploited. In superchargers they are satisfac- 
tory when carefully designed and manufac: 
tured. The labyrinth oil seal consists bast 
cally of: An oil slinger, a labyrinth, a vented 
chamber and another labyrinth. Labyrinth 
oil seals can be applied successfully in supet 
chargers only when high pressure differen 
tials do not exist across the seals, or when 
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design conditions permit such complete 
venting that all leakage oil leaves harm- 
lessly though a breather and only air “leaks” 
into the supercharger. Very close clear- 


ances must be maintained in the labyrinths, 
as the ideal labyrinth seal seals only by 


throttling action. The more narrow the 
passageway open to the leakage flow, the 
more effective is the throttling and reduc- 
tion of leakage. In a labyrinth seal, flow 
caused by the pressure differential across the 
labyrinth can never be completely eliminated 
but may be reduced to an ineffective value. 


The leakage through the labyrinth of a 
eal depends upon the number and design 
f the throttling grooves or serrations, the 
diametral clearance, the diameter of the 
labyrinth and the finish of the parts. Deep 
grooves of short axial length are usually 
more effective than long shallow grooves. 
The edges of the grooves should be sharp, 
that is, not chamfered or broken. In the 
typical labyrinth oil seal designs shown in 
Fig. 6, the vent functions in the same man- 
ner as that discussed for ring type oil seals. 
The purpose of the oil slinger is to remove, 
generally by centrifugal action, any liquid 
oil from the vicinity of the entrance of the 
oil seal. This reduces the oil leakage prob- 
lem to the prevention of leakage of vapor- 
ized oil through the seal. 


Many designs are used for oil slingers and 
most of them operate quite satisfactorily. A 
thread with its helix so cut that it pumps 
the oil back into the housing is an effective 
oil slinger. But it must be remembered 
that a thread will function as a slinger for 
only one direction of rotation. A lip pro- 
truding beyond the oil seal sleeve, as in Fig. 
2, will throw liquid oil into a collecting 


annulus. A generous annulus surrounding : 


the slinger is good design. In the design 
of the slinger, ease of collection and removal 
of the oil whirled out of the path of the 
seal is important. Improperly designed 
singers have been found to pump oil 
through the seal and increase leakage. 

If in any part of the seal the flow must 
take a radial path, the direction should be 
radially inward. Thus the fow will be op- 


Thread 


— O// side of sea/ : 


2- Slinger -—.. ` 


posed and not assisted by centrifugal forces. 

The advantage of labyrinth oil seals over 
other types is that there are no rubbing 
or contacting parts, thus presenting no prob- 


lem in wear or part replacement under nor- 


mal conditions. In the present stage of de- 
velopment this seal has two disadvantages: 
Inability to preserve oil tightness under con- 
ditions of high pressure differential, and the 
close clearances that must be maintained 
between stationary and rotating parts. The 
close clearances, with resulting small tol- 
erances, besides presenting manufacturing 
difficulties, may cause “rubbing” under vi- 
bration or unusual load. In some designs, 
labyrinth oil seals that are fairly oil tight 
at high speeds, will leak profusely at low 
speeds. 


Contact Or Seats. In contact oil seals 
a composition ring is flexibly mounted in 
a way that prevents its rotation and is held 
against a carefully lapped steel disk integral 
with or fastened on the shaft. The mount- 
ing for the composition ring permits limited 
universal freedom of movement. These seals 
are an outgrowth of the high speed, high 
temperature seals common to steam turbine 
practice and the bellows mounted contact 
seals widely used in pumps and refrigerant 


compressors. The seals can be obtained as 
a unit assembly, manufactured by specialists 
in contact seals. 

The retainer for the seal is usually of 


drawn or spun steel, press fitted and keyed 


into the housing. To preserve oil tightness, 
the sealing ring must at all times contact 
the collar on the shaft. The ring is there- 
fore fastened to the flexible mount that per- 
mits compensation for axial drift of the 
shaft relative to the housing and for any 
misalignment that may exist. In Fig. 7(A) 
the sealing ring has a limited amount of 
axial freedom, a synthetic rubber “O” ring 
being provided as a guard against oil leak- 
age short circuiting the seal. The design 
in Fig. 7(B) uses a bellows as the flexible 
mount. 

As the sealing element is stationary and 
the collar rotates at high speed, and contact 
should be maintained at all times, the need 
is obvious for care in selecting the combina- 
tion of materials and surface finish that 
would result in the lowest possible coef- 
ficient of friction and wear. Pressure exerted 
on the ring against the collar should just 
be enough to overcome leakage, since exces- 
sive pressure would result in overheating and 
consequent acceleration of wear. Contact 
oil seals are usually designed so that the 
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Fig. 7— Contact type oil seals. (A) Spring is used to take up varying 
axial space. (B) Bellows is used for the flexible sealant connection. 
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pressure being sealed is used to assure con 
tact between the ring and the collar. Thus 
contact pressure is large only when it need 
be as in high pressure differentials, and is 
small with little or no differential. 

In the contact seal shown in Fig. 7(A), 
clearance exists between the periphery of 
the sealing ring and the container except 
where the “O” This permits the 
pressure from the oil side of the seal to act 


ring 1S. 


on the rear of the sealing ring as well as on 
its face. The area on the rear of the sealing 
ring is greater than the face area and hence 
there is a net resultant force pressing the 
sealing ring against the collar. 

Light helical springs like those shown in 
| ig. 7 (B 


Belleville type are usually provided to aid the 


or spring washers of the wave or 


sealing pressure overbalance and to assure 


contact at low pressures or when the ma 
chine is idle. 

The sealing ring is usually made of compo 
sition material, the primary component 
being one or more forms of carbon. Carbon, 


especially when in the graphite form, has 


high temperature re- 
are particularly de 


self-lubricating and 
sistance qualities that 
sirable in this application. The contacting 
face of the ring must be optically flat and 
smooth. Furthermore, the collar on the 
shaft must be absolutely flat and in addi 
tion square with the axis of rotation. Any 
slight irregularity in either surface will re 
sult in leakage since wear will not always 
correct the The collar is usually 
of hardened and ground steel, lapped to a 


defect. 


high finish. 

The seal should be mounted so that oil 
would have to travel radially inward, thus 
bucking centrifugal forces in order to leak 
by the seal. In most applications the collar 
against which the sealing ring bears can be 
combined to act also as a slinger that may 
materially aid the seal in preventing leakage. 
In some designs of oil seals, if the inner 
diameter of the retainer or cup can be manu 
factured to close tolerances, a labyrinth may 
be added without affecting the overall di 
mensions of the mount. This can be done 
by machining a group of circular serrations 


on the shaft as indicated by the dash hin 
in Fig. 7(A). As in labyrinth seals, the 
clearance must be of the 
thousandths of an inch if it is to be of any 
material help. 

Under some conditions a small amount 
of oil leakage may actually be desirable to 
promote life of the contacting 
Some seals of the contact type have been 
used at moderately high speeds with success 

Seals of small diameter generally are more 
oil-tight and are more wear resistant than 
Small diameters usually mean 


order of a few 


elemei t 


large seals. 
leakage paths of small cross-sectional area 
For a given speed, reducing the diameter 
will give a lower value of contact velocity 
and thereby increase the life of the seal 
Seals with small diameters can usually be 
manufactured to greater precision than can 
large resulting possibly in smalle 
clearances and better workmanship. Locat 


ing the seal itself immediately adjacent to 


ones, 


a bearing is usually advantageous since the 
bearing contributes rigidity and permits close 
clearances to be maintained without rubbing. 


2,500 Horsepower V-Type Aircraft Engine 


AN INVERTED V-TYPE AIRPLANE ENGINE of 2,500 
horse power, designed and built by Chrysler Corpo 
ration for the Army Ait 

placed in readiness for test in the Aircraft Engineer 
ing Laboratories in the company’s Highland Park 
plant. With each part individually designed and 


tested, the engine is considered the most powerful 


Forces is shown being 


engine of similar size today, yet because of simplicity 
in design the easiest and fastest to mass-produce. 
With secrecy now lifted, the company revealed 
that the engine is a 16-cylinder inverted V_ type, 
which in a specially adapted testing plane has al 
ready developed speeds approaching 500 miles an 
hour. Weighing 2,430 pounds, less than one pound 
per horsepower, the engine is 10 feet 5 inches long 
and less than three feet in diameter. The small 
front allows excellent visibility, and the small diam 
eter affords streamlining which greatly reduces drag. 
Vibration held to a minimum in the 
engine by vibration 
made of rubber, similar to those developed to pro 
vide “floating power” for automobiles. Other types 
of airplane engines required four or more mounts. 
Major features of the engine are: very small 
frontal diameter, permitting better visibility for the 
pilot and allowing submerged installations in the 
wing or fuselage and more compact cowling in 
stallation, thus reducing drag; in bombers slender 
engines such as this one can be submerged in wings, 
practically eliminating drag; use of a two-piece crank 
shaft, bolted together at the reduction gear pinion; 
use of two valves to a cylinder, reducing weight 
and allowing better cylinder breathing; a one-piece 
crankcase. The valve gear is reached in the new 
engine simply by removing a cam box cover. 


was also 


using three isolating mounts 
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Selecting Operating Pressures 
For Hydraulic Systems 


HOWARD FIELD, JR. 


Consultant 


Pressures in hydraulic systems are divided into three classes; low - pressure, 


medium-pressure and high-pressure. 


Selection of pressure is discussed as to 


power required, size of units and available packings, pumps, cylinders and valves. 


This is the eleventh in a series of articles covering the design of hydraulic systems. 


CHOICE of pressure in a hydraulic system 
is of as much importance as any of the other 
factors if the best over-all economy is to be 
obtained. It is unfortunate that nothing 
definite can be said about pressure since so 
many factors enter into the problem. These 
factors are different for each design and 
some can not be evaluated exactly. 

For purposes of discussions in this article 
pressures have been arbitrarily divided into 
three groups: 

Low-pressure: Less than 500 Ib. per sq. in. 

Medium-pressure: From 500 to 2,000 Ib. 
per sq. in. 

High-pressure: More than 2,000 Ib. per 
Sq. In. 

Actuallv there is no clear-cut division be 
tween groups since all factors and charac 
teristics apply to all groups, although their 
relative importance changes continuously in 
some relation with the pressure. 

Low-pressure systems are easiest to design 
and build when little power is required. 
Some simple systems use city water avoiding 
the expense of pumps, motors, and their 
controls. Obviously, it is necessary to com- 
pare the cost of the water that will be used 
with the cost of pumps and power to recir- 
culate a small amount of water or other 
fluid. A less obvious cost of using city 
water or recirculated water is the cost of 
corrosion or its control. This may not be 
negligible. 

Ridiculously large parts are not necessary 
even when size is not critical. For example, 
Suppose a direct acting hydraulic press of 
1,000 tons capacity is being designed. If a 
working pressure of 250 Ib. per sq. in. is 
chosen the ram will be of about 101 in. 
diameter. If 2,500 Ib. per sq. in. pressure is 
used the ram will be much more reasonable 
in size, about 32 in. diameter. Since many 
large presses are slow moving under pressure 
and actually involve few horsepower, this 
example shows that it is not power alone 
which governs the choice of pressure. 

Low-pressures are economically feasible 
for low-power systems where weight and 


bulk are of little importance and ridicvlous 
proportions do not result. The word “eco- 
nomicallv" must. be understood to include 
many factors beside first cost. Packings will 
be easier to maintain. Piping will “stay 
put” and not leak. Operating cylinders can 
be cast instead of forged. Pumps will be 
simple and give long service. 

One way systems used for remote control 
usually depend upon springs for return. 
Since the springs are quite bulky little may 
be gained in unit size by using anything 
more than low-pressure in the cylinders. 
Leakages at low-pressures are small even 
with simple packings. The greatest re- 
liability results when the lowest pressures 
consistent with size of units are used. 

When remote control systems are de 
signed with positive two-way action instead 
of spring return a somewhat different con- 
dition exists. These systems are frequently 
used where the requirements for synchronism 
between master and slave units are exacting. 
\s in any hydraulic system, small amounts 
of air may be present but here their effect is 
to destroy the desired synchronism. An 
example which demonstrates how increased 
pressure minimizes-this effect is a unit that 
displaces 5 cu. in. of fluid for a complete 
stroke. Suppose the preload pressure were 
10 Ib. per sq. in. gage, the slave unit re 
sisted movement by an amount equal to 25 
Ib. per sq. in., and there were the ridiculous 
amount of l ĉu. in. of air in one side of the 
system under static conditions. The abso- 
lute pressure on the air is originally 25 Ib. 
per sq. in. and an additional 25 Ib. is re- 
quired to move the slave which will change 
the volume of air by 1/2 cu. in., or ]0 per- 
cent of the total. 

If we consider this same problem but 
assume the preload pressure is 500 Ib. per 
sq. in., a different result is obtained. The 
original absolute pressure is 515 lb. per 
sq. in., the final pressure 540 Ib. per sq. in., 
and the change in volume 0.046 cu. in. or 
0.9 per cent. Thus, the absolute amount of 
air present in the second case is 20.3 times 
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as much as in the first case. On the basis of 
equal absolute amounts of air present in 
stead of equal volumes the second case would 
work out to 0.045 percent. This verbose 
example is given to demonstrate the fact that 
not only the obvious but many factors must 
be considered in choosing a working pres 
sure for a particular system. 

In the past few years many improvements 
have been made in pumps, packings, valves 
and piping. Thus, there is a tendency 
toward higher pressures even when weight 
and volume is a small factor. This tendency 
does not appear to be based entirely upon 
direct cost factors but partially on what 
might be classified as psychological effects. 
For example, we might have two machine 
tools that did a particular job equally well. 
The large, low-pressure machine would ap- 
pear to be so much more cumbersome and 
clumsy, than the smaller high-pressure ma- 
chine, that operators would avoid it. The 
low-pressure machine would not receive the 
careful maintenance the high-pressure ma- 
chine would get because there would be 
the feeling that the large machine could look 
after itself. Then too, no one wants to use 
a ladder when oiling a machine if another 
machine can be reached from the floor. 

The effects of working pressure upon cost 
of a machine are not easily evaluated. Each 
design requires individual investigation. 
Usually the cost of a medium-pressure ma- 
chine will be less than that of a low-pressure 
machine except in small sizes. Parts are 
smaller and consequently require less mate- 
rial and machine work. Surface finish must 
be of better quality on the smaller machine 
but since it is easier to attain, the effect on 
cost may be negligible. Lines, valves, 
pumps, and operating cylinders or motors 
will be smaller because less fluid will flow 
in a unit time. 


Basic Relations 


Some interesting relations between pres- 
sure, size and inertia may be developed 
when we assume a constant power at con- 
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stant efficiency and constant stress in the 
material of construction. For example, these 
relations for the lines and the fluid they 
contain work out as follows: 

1. Velocity of flow in the line is con- 
stant. 

2. The weight of fluid in the line changes 
inversely as the pressure. 

3. The inside diameter of the line changes 
inversely as the square root of the pressure. 

4. The kinetic energy of the fluid in the 
line changes inversely as the pressure. 

5. ‘The weight of the line changes directly 
as the pressure multiplied by the sum of 
the squares of inside and outside diameters. 

The first four relationships result from 
consideration of the Darcy equation for 
head loss in a line 


Where: A = friction loss, ft. 
L = length, ft. 
V = velocity, ft. per sec. 
d = inside diameter, ft. 
g = 32.16 ft. per sec. 
R = Reynolds No. 


f = coefficient, x for laminar flow. 
Lr? 
h=f Ide 
The fifth relationship is derived from 
Lame’s equation for maximum fiber stress 
in a thick cylinder 
Where: 


Smaz. = maximum stress, lb. per sq. in. 
P = pressure, lb. per sq. in. 


D = outside diameter, in. 
d = inside diameter, in. 
Eo pU + d*) 


(D? — ds) 


Similar methods can be used to derive rela- 
tions between pressure for linear actuators, 
valves and pumps. If the system is subject 
to frequent and sudden reversals the kinetic 
energies of the fluid and pistons may be a 
critical factor. In a continuous flow system 
these energies may not have any importance. 
Sometimes weight is of paramount impor- 
tance; sometimes size. Where weight is 
paramount and long lines are required it is 
necessary to evaluate the effect of increasing 
line losses, because lower efficiencies of 
transmission reduce the line weight. A hy- 
draulic system consists of many parts and 
the relations between parts change from 
system to system. An evaluation of the 
overall system must be made before choos- 
ing any particular working pressure. 
Medium-pressure systems, which include 
the majority of present installations, are pre- 
ferred for moderate power requirements. 
Over the length of time they have been in 
use operational difficulties have been elimi- 
nated or at least minimized. Medium- 
pressure pumps are well developed and 
quite satisfactory in either fixed or variable- 
volume types. Pump efficiencies can be 
somewhat improved but reliability is ex- 
cellent if proper care is taken in installation. 
Packings are reasonably good but must be 
improved both in sealing efficiency, frictional 
drag, and life expectancy. Filters are avail- 
able and should always be considered since 
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their use adds materially to the reliability 
and life of all units of the system. Cylinders 
are well developed and have excellent life. 
Unfortunately high frictional drags in their 
packings limit over-all efficiency, particu- 
larly when absolute freedom from internal 
leakage is essential. It is probable that the 
great majority of cylinders would be just as 
satisfactory if a small internal leakage were 
permitted and compensated for in the cir- 
cuit design. 

Medium-pressure valves tend to become 
expensive for large power systems. Since 
large amounts of fluid must be handled 
with low pressure losses valve size not only 
makes them expensive but objectionable 
from the viewpoint of space requirements. 
Valves without internal leakage are diffi- 
cult to build in large sizes and usually re- 
quire power-driven servo actuation. 


High-Pressure Systems 


When weight or size are of greatest im- 
portance or when large power is required, 
high-pressure systems should be investigated. 
The large amounts of circulating fluid re- 
quired for large power in a medium pres- 
sure system necessarily involve large lines, 
valves, cylinders and pumps and as a con- 
sequence large kinetic energy changes when- 
ever the flow pattern is altered. These 
changes in kinetic energy become trouble- 
some as will be evident when one considers 
the water hammer sometimes encountered 
in turning off an ordinary household faucet. 
With much larger flows it becomes im- 
possible to withstand the shock unless parts 
are made strong or flexible. The latter 
choice is seldom possible because of rigidity 
requirements. It is unreasonable to make 
large, heavy units when, by simply increas- 
ing the operating pressure the units can be 
reduced in size. A secondary advantage of 
the high-pressure unit is that, being smaller, 
eccentricities between loads and supports 
can frequently be reduced. This saving is 
compounded by the savings possible in the 
supporting structures. A machine tool where 
rigidity is all-important, can have a small 
high-pressure unit more easily applied than 
a larger unit of lower pressure. 

Opposed to the advantages of high-pres- 
sures are their real disadvantages. These 
faults are being overcome by further de- 
velopments but should not be overlooked. 
One of the most important, although most 
frequently overlooked, disadvantages of high- 
pressures is the instability of present day 
fluids. A fluid which may be perfectly satis- 
factory for many thousands of hours of use 
at 1,500 lb. per sq. in. can fail in a few 
minutes at 5,000 per sq. in. There seems 
to be some relation between the number of 
cycles of high- and low-pressure, the ampli- 
tude of the pressure cycle, and the tem- 
perature on the one hand and viscosity, 
lubricity, and chemical action of the fluid 
on the other hand. Much experimental 
work is being performed to correct this 
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fault but, to date, no perfect answer has 
come to the author's attention. 

The development of packings has not 
progressed far enough to insure absolute 
tightness under high-pressure unless some 
leakage under low-pressure and much main- 
tenance are allowable. The problem is 
complicated by the changing chemical ac- 
tion of the fluid as it ages. Even when a 
small leakage is permissible no good answer 
is at hand because small leaks have a way 
of increasing rapidly under high-pressures. 

The pump problem is much complicated 
by the changing viscosity and particularly 
the decreasing lubricity of the present fluids. 
Suitable pumps for high-pressure, large- 
power systems are almost necessarily of the 
variable-volume piston type. This type of 
pump depends upon the fluid handled for 
its lubrication. It can readily be seen that 
anything less than an ideal fluid poses nearly 
insurmountable obstacles to the pump de 
signer and manufacturer. 

High-pressures are used in the petroleum 
industry and many processing plants. There 
is comparatively little trouble encountered 
as a result of high-pressure under these cir 
cumstances. These circumstances are dif- 
ferent from those encountered in the type 
of hydraulic systems under discussion. In 
general the fluids are not “worn out” be- 
cause they are not recirculated. Pumps that 
have a large ripple in output pressure are 
not so objectionable and their large size 
and high maintenance cost has come to be 
accepted as normal. For continuous proc- 
esses it is customary to have a duplication 
of equipment so that no interruption of the 
process occurs when a pump breaks down. 
These normal practices are not satisfactory in 
a machine tool. Sometimes central hydraulic 
power installations which feed many tools 
are used and standby equipment is usually 
required. 

Generally these central power plants 
severely handicap the flexibility of control 
which is one of the prime advantages of 
hydraulic systems. The result might be com- 
pared to the old method of driving a line 
shaft by an electric motor instead of 
powering machines individually. It is per- 
fectly feasible and may even be a little more 
efficient for a uniformly loaded factory but 
so much is lost that few engineers would 
even consider it. 

In spite of the real problems involved in 
using high-pressures their possibilities should 
not be neglected. Development is proceed- 
ing but should be accelerated and will not 
be completed until such a time as real 
commercial demand is unmistakably present. 

Pressures are definitely on the way up. 
Their upper economical limit depends upon 
progress in development of stronger con- 
struction materials at a price. At present 
this limit cannot be approached with avail 
able materials. In the meantime much can 
be done toward “cleaning up” the known 
problems in the present high-pressure hy- 
draulic system. 
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Analytic Geometry 


Ross R. MippLEMiss, 306 pages, 54 x 84 
in., gray clothboard covers. Published by 
The McGraw-Hill Book Co., 330 West 
42nd St., New York 18, N. Y. Price $2.75. 


A textbook designed for a brief course 
in analytic geometry that fits the needs of 
scientific and technical students as a 
preparation for calculus and the sciences. 

Beginning with a review of the essen- 
tial definitions and formulas from algebra 
and trigonometry, the author follows 
through with chapters on functions and 
graphs; fundamental theorems and methods; 
the line and linear functions; polynomial 
curves; rational fractional functions; the 
circle; the parabola, ellipse, and hyperbola; 
algebraic curves; trigonometric curves; 
exponential and logarithmic curves; para- 
metric equations; polar coordinates; curve 
fitting; preliminary definitions and formulas 
for three dimensional systems; planes and 
lines; and surfaces and curves. 

Numerous problems are included 
throughout the book to assist the student in 
applying the textual discussions. 


Introduction to Magnesium 
And Its Alloys 


Joss Ar1co, 183 pages, 6x91 in., clothboard 
covers, Published by Ziff-Davis Publishing 
Co. 350 Fifth Ave, New York, N. Y. 


Price $5. 


The book treats the fundamentals of the 
production of magnesium and of the fabri- 
cation of its alloys into engineering products. 
It is written for manufacturers and de- 
signers, considering the use of magnesium 
alloys, and for research engineers, metallur- 
gists, and students seeking information 
about them. This digest of the available 
information on magnesium is in nine chap- 
ters so arranged that any chapter can be 
read without reference to the others. 
Bibliographies accompany all the chapters 
and the sources of the statements are indi- 
cated in the text. 


High-Pressure Die Casting 


H. L. HanvirL AND P. R. Jompow. 130 
pages, 7 x 10 in, red clothboard covers. 
Published by H. L. Harvill Mfg. Co., P. O. 
Box 335, Vernon, Calif. Price $5. 


, Design aspects of die casting are empha- 
sized rather than the end use of parts pro- 
duced by this method. The text deals with 
types of die casting dies, relationship of cast- 
ing design to die design, elements of correct 
design of parts that are to be die cast, draft 
on surfaces effect of sectional variation on 
metal shrinkage, use and correct design of 
ubs and bosses, die cast threads and the use 
of cast inserts. 

Pressure mold die castings are discussed 
with particular reference to recent specifi- 


« 


cations wherein mechanical properties higher 
than any previously adopted by industry are 
provided. Methods of machining, finishing 
and inspecting die cast parts are described. 
Twenty-five typical die castings covering a 
wide variety of metals are used by way of 
illustration to explain the use of the parts 
and the elements of their design that make 
them successful die castings. A complete 
glossary of die cast terminology -is also 
included. 


Developing Marketable 
Products and Their Packagings 


Ben Nasu, 404 pages, 6x9 in., gray cloth- 
board covers. Published by McGraw-Hill 
Book Co., 330 W. 42nd St., New York 18, 
N. Y. Price $5. 


Design engineers who desire to keep 
abreast of the favorable influences that time, 
change and technological advances offer 
for increasing the marketability of newly 
developed commodities, will find this book 
a valuable guide. Factors affecting the 
development of a new product which are 
discussed include materials, processes, sell- 
ing methods, styles and trade practices. 
The concept of product development advo- 
cated in this book points for the greatest 
possible market value of the new product 
by coordinating its development from the 
very first pages, up to, and including the 
marketing program. The author analyzes 
the varied considerations affecting design 
and development which influence marketing 
success of mass production products; to this 
end, he outlines 22 elements affecting 
development and marketing. Procedures in 
product-package development are demon- 
strated. The place of a product develop- 
ment executive in the business organization 
is analyzed. The author is an industrial 
designer and product consultant. 


Procedure Handbook of Arc 
Welding Design and Practice 


Tue Lincotn Evectric Company. 1,282 
pages, 53 x 84 in., blue fabricoid covers. 
Published by The Lincoln Electric Co., 
Cleveland 1, Ohio. Price $1.50. 


This new eighth edition of this widely 
used and practical handbook on arc welding 
design and practice has been carefully pre- 
prapared to guide the executive, designer, 
engineer, shop supervisor and welder in the 
use of arc welding for minimum costs and 
maximum quality. 

The text has been revised throughout to 
include the latest welding procedures. In 
addition, it contains new information cover- 
ing ventilation, maintenance of welding 
equipment, prevention and control of warp- 
age and distortion. A.S.M.E. Code (Re- 
vised), underwater cutting, deep fillet tech- 
nique for the most economical joining of 
mild steel plate and sheet metal (complete 
with tables of procedures, speeds and costs), 
automatic welding with the shielded metallic 
are, discussion of metallurgical principles, 
A.W.S.A.S.T.M. filler metal specifications 
(revised), machine design, continuous beam 
and column connections, anchor attach- 
ments to column bases, box-shaped angle 


Propucr ENGINEERING — FEsruary, 1946 


columns, gusset plate truss joints, bridge ex- 
pansion joints, and reference data. 

The chapter on machine design, 225 
pages, is of especial interest to design engi- 
neers. In this chapter are discussed, with 
numerous practical examples, the designing 
approach, production practices, comparison 
of rolled steel to cast iron, advantages of 
welded fabrication, factors affecting design, 
methods of design, appearance styling, shapes 
available for welded design, and design 
examples. 

Comprehensive and practical, this volume 
maintains the high standard of excellence in 
presentation that has been set by its pre- 
decessors. 


Experimental Stress Analysis 


Proceedings of the Society for Experimental 
Stress Analysis, Vol. Ill, No. 1, 154 pages, 
84 x 1l in, blue clothboard covers. Pub- 
lished by Addison-Wesley Press, Inc., Ken- 
dall Square Building, Cambridge 42, Mass. 
Price $5. 

Collection of 12 papers. Titles of papers 
with respective authors are: 

Strain Gage Technique. L. M. Ball. 

Use of Strain Gages on Wind Tunnel 


Models. K. F. Sibila. 

Photoelasticity as a Designers Tool. 
R. E. Orton. 

A Study of Certain Mechanically- 


Induced Residual Stresses. D. G. Richards. 

Precision Determination of Weight by 
Means of Bonded Strain Gages. A. L. 
Thurston and R. W. Cushman. 

The Application of Stress Models to 
Specific Structural Problems. S. F. Ting- 
ley. 

The Use of a Plastic Model in Crank- 
shaft Analysis. D. M. Pearce and J. Mod- 
rovsky. 

Stress Analysis of Shafting Exemplified by 
Saint-Venant’s Torsion Problem. T. J. 
Higgins. 

Dynamic Stress Analysis With Brittle 
Coatings. G. Ellis and F. B. Stern, Jr. 

Experience With Highly-Stressed Aircraft 
Engine Parts. F. R. McFarland. 

Repeated Load Tests—Some Experimen- 
tal Investigations on Aircraft Components. 
F. D. Jewett and S. A. Gordon. 

The Structural Analysis and Significance 
of Rivet Shear Tests. G. E. Holback. 


Metallizing Non-Conductors 


SAMUEL Wen, 62 pages, 54 x 74 in., paper 
covers. Published by Metal Industry Pub- 
lishing Co., 11 West 42nd St., New York 
18, N. Y. Price $2.00. 


The author has been interested for more 
than twenty-five years in forming metallic 
films on non-conductors for industrial and 
technological purposes. Following a resume 
of the general technique and steps required 
in the treatment of surfaces preparatory to 
depositing metals thereon, metalizing meth- 
ods are described. These methods include 
those used to obtain mechanically held films, 
and films obtained by chemical reduction. 
Cathode sputtering and metal spraying tech- 
niques, metallic paints, platinizing glass and 
plating are also discussed. The list of refer- 
ences contains useful patent information. 
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INDEX OF ITEMS 


Product 


Caps, Plastic Sealing 
Contractor, Magnetic 
Controller 

Controller 

Drive, Control 
Fairlead 

Filtering Unit 
Gasket 

Hose, Ventilating 
Joints, Hinged Gear 
Light Source 
Material, Ceramic 
Meter 

Meter, Gauss 

Motors 

Motor, Geared 
Motors, Universal 
Pump 

Pump 

Regulators, Voltage 
Resistor 

Static Eliminator 
Switch 

Switch, Hydraulic Electric 
Switches, Jack 
System, Coolant 
Timer, Interval 
Trimmers, Ceramic . 
Tube, Cathode Ray .. 
Tube, Rectifier 
Tubing Fitting 
Voltmeter, Vacuum Tube 
Wheels, Industrial 
Wheels, Industrial 


Switch 


Stevens-Amold Co., 22 Elkins St., So. 
Boston, Mass. 


These switches are frequency controlled 
tuned relays and suited for remote con 
trol applications with either wire or radio 
as the carrier medium. In radio application, 
the switches are sufficiently sensitive so they 
can be controlled from either a crystal de- 
tector or vacuum tube type receiver. Re- 
sponse time is a small fraction of a second. 
Each switch accepts a "r^ band of 
frequencies in the range of 20 to 800 cycles 
per second and rejects all de When 
more than one switch is connected together, 
the combination provides a means of selec 
tive switching by a choice of frequency 
bands. The range of 20 to 800 cycles is 
adequate for the control of many separate 
switches on a single carrier circuit, and by 
combining the frequency bands in a coded 
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Manufacturer 


General Electric Co. 
Westinghouse Electric Corp. 
The Bristol Co. 

The Foxboro Co. 


...Yardeny Engineering Co. 
. Double T. Fairlead Co. 


C C A Products Engineering 


.Goetze Gasket and Packing Co. 
.American Ventilating Hose Co. 


The Gray and Prior Machine Co. 


. General Radio Co. 

General Ceramics and Steatite Corp. 
. Builders-Providence, Inc. 

.. General Electric Co. 

.John Oster Mfg. Co. 


Jack and Heintz, Inc. 


..lear, Inc, 

.The Mcintyre Co. 

..The Mcintyre Co. 

. Sylvania Electric Products, Inc. 


P. R. Mallory and Co. . 
United States Radium Corp. 


.. Stevens-Arnold Co, 


Merit Engineering, Inc. 
D. P. Mossman, Inc. ... 
Strainer Products Corp. 


. Electric Controls, Inc. 
.. Erie Resister Corp. . 
A. B, Du Mont Labs, Inc. 
.. Eitel-McCullough, Inc. 
Gustin-Bacon Mfg. Co 
.The Precision Apparatus Co. 


Aircraft Mechanics, Inc. 


. Northrop-Gaines, Inc. 


sequence, any number of selective switching 
Frequency se- 
lection and rejection is obtained by using 


operations can be obtained. 


the vibrating reed principle with hermetic 
sealing. Ratings of one to ten amperes, 115 


volts a.c. are available. ‘The size shown in 
the illustration is the two ampere, 115 volt 
rating, and measures 3 in. x 4 in. x 5 in, 
Seven binding posts are supplied. 


Hydraulic Electric Switch 


Merit Engineering, Inc., 40 Clifford St 
Providence, R. I. 


In this unit, the hydraulic valve which actu 
ates the switch is a self-contained cartridge 
that is renewable and interchangeable. An 
externally operated screen allows close ad- 
justment without breaking the line. With 
two different spring cartridges, the entire 


operating range of 100 to 3200 Ib. per sq. in. 
is covered. The body of the switch is avail- 


able in bronze or aluminum. Overall dimen 
sions are 4.5 in. x 4.08 in. x 1.14 in., and 
the total weight with the aluminum body is 
22 ounces. The d.c. switch is a single pole, 


single throw, normally closed design with 
d.c. rating 40 amps. 2$ volts inductive load; 
17 amps 125 volts and 8 1/2 amps 250 voli 
non-inductive load. 


Pump 


The McIntyre Co., 15 Riverdale Ave. 
Newton 58, Mass. 


Unit will deliver from 1/2 to 3 gal. pé r min. 
(at 1750 r.p.m.) for continuous juty at 
pressures to 1000 lb. per sq. in The 
pump is of rotary spur gear design. Overa! 
dimensions are: height 3 1/4 in width 
2 1/4 in., depth 2 3/4 in., weight 1 3/4 in. 
All Series 100 pumps operate with a mini- 
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mum volumetric efficiency of 90 percent at 
1000 lb. per sq. in. at 1750 r.p.m. when 
using oil of SSU viscosity at 100 deg. F. 
These pumps are of aluminum construction 
with nitrided nitralloy gears and shafts. By 
using plastic housings and stainless steel 
gears and shafts, the pumps can be used to 
handle water and other mild corrosives. 
Standard models are supplied for direct 
motor, flexible coupled drive but can be 
readily supplied for all types of standard 
drives and a variety of mounting conditions. 
Power requirements vary between .40 and 
2.25 hp. for the various units at 1000 Ib. 
per square inch. 


Ceramic Material 


General Ceramics 


Keasbey, N. J. 


Ceramic material, M-244, has been heated 
to a temperature of 1400 deg. F., and 
plunged into an ice water bath without 
cracking. It retained its original dimensions 
at both temperature extremes. Uses claimed 
for the material are in high-temperature 
furnaces, insulation for high precision in 
struments in which dimensional changes 
must be absolutely minimized, and for elec- 
trical purposes where a low thermal expan- 
sion coefficient is desired. Material M-244 
will be supplied in anv shapes that can be 
formed by pressing, extruding, or casting. 


and Steatite Corp., 


Ceramic Trimmers 
Erie Resistor Corp., Erie, Pa. 


\ trimmer employing a ceramic dielectric. 
Capacity change is constant per degree of 
rotation and full range is covered in 180 








degree rotation. Voltage rating is 350 volts 
d.c. flash test 700 volts d.c. for 15 seconds, 
initial O factor at 1 mc. 500 minimum, in- 
itial leakage resistance 10,000 meg. min. 
l'he metal rotor completely covers the stator 
track, and contact surfaces of both rotor 
and stator are lapped. Overall dimensions 
are 1/2 in. diameter x 45/64 in. high. 


Filtering Unit 


CCA Products Engineering, P. O. Box 
671, Glendale, Calif. 


A pneumatic filtering unit combined with 
a precision lubricator, the CCA Filter-Lube 
is available in 1/4 in., 3/8 in. and 1/2 in. 
standard pipe line sizes. ‘The lower element 





of this unit is composed of a sludge basin 
and a felt filter media. The device filters in 
coming working air, and provides a finely 
adjusted lubemist. 


Cathode-ray Tube 
Allen B. Du Mont Labs., Passaic, N. J. 


This 7 in. tube provides for a normal screen 
image of 5-3 in. wide and 4-3 in. high. The 
7EP4 tube is 15-4 in. long, and the acceler- 
ating potential is 2,500 volts 


Magnetic Contactor 


Westinghouse Electric Corp., Box 868, 
Pittsburgh 30, Penna. 


A type M d.c. single-pole magnetic con- 
tactor assembled on a formed frame which 
also serves as a path for the magnetic flux. 
Rear or front-connected units are available. 
[he small frame contactors in this line are 
limited to applications in which the coil 
voltage and the voltage of the circuit being 
interrupted do not exceed 250 volts. The 
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deep frame contactors, which provide greater 
winding space for the operating coil, are 
suitable for voltage up to 600 volts. Oper 
ating coils are rated for continuous duty and 
will operate the contactors at 80 percent te 
110 percent of their rated voltage. The con- 
tacts are insulated for a maximum poten 
tial differences of 600 volts among parts. 


Resistor 
P. R. Mallory & Co., Inc., Indianapolis, 
Ind 


\ vitreous enamel, tab-type unit which meets 
\rmy and Navy Grade 1 Class 1 specifica- 
tions, can withstand thermal shock from 275 
deg. C. to O deg C., and operate safely at 





— 
5 


275 deg. C. Designed to satisfy the require 
ments of all types of equipment the new 
resistor is capable of withstanding momentary 
voltage over-loads up to ten times its rated 
wattage. 


Ventilating Hose 

American Ventilating Hose Co., 15 Park 

Row, N. Y. C. 
\ metal reinforced, light weight, large di 
ameter duct which can be compressed into 
small space for transportation. Its sectional 
construction allows the assembly of any de- 
sired length from 24 foot length sections 
which are readily coupled and uncoupled. 
Attachments for coupling to blowers or 
other air handling apparatus are provided, 
and these fittings couple interchangeably 
with either end of any section. The rein- 
forcement, consisting of rings spaced from 
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2 to 5 in. apart varying according to the 
diameter of the hose, are held in place 
around their entire circumference by the 
neoprene base compound which also covers 


the inside and outside surface of the hose. 
“Portovent” is available in sizes from 5 in. 


to 24 in. in diameter. Compression fot 
packing is 6 to 1 overall, and can be still 
greater if application is for light service. 
Meter 


Builders-Providence, Inc., 9 Codding St., 


Providence 1, R. I. 

\ propeller-type totalizing flow meter with 

1 direct reading six digit “counter, having a 
meter body of Venturi design to create a 
uniform velocity distribution where the flow 
mects the propeller. Flow disturbance and 


loss of head are reduced by the streamlined 
propeller racket, hub, and nose. The Pro 


peloflo meter totalizes flow in main lines 





2 in. or larger, and can be installed in rela- 
tively short space. It subtracts reverse flow 
and resumes metering when drained line is 
refilled. This meter is available for use in 
main lines of 2 to 20 inches in size with a 
range from a minimum of 10 gal. per min. 
in the smallest size to 5800 gal. per min. 
maximum in the largest size. 


Controller 


The Foxboro Co., Mass. 


This unit is used for batch-type processes 
and other operations where rate of tempera- 
ture increase or decrease must be controlled, 
as well as the actual processing temperature 


Foxboro, 
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and duration. 




























No time-cams or supplemen 
tary instruments are employed. Control is 


completely automatic, according to what 


ever schedule is predetermined by adjust 
ments of four setting knobs on the instru 
ment panel. By reference to the instrument 
chart and its notations, any cycle can be 
exactly duplicated as desired, in any similar 
plant and regardless of season. 


Industrial Wheels 


Northrop-Gains, Hawthorne, Calif. 


These wheels, cast solidly of aluminum 
and with hard rubber tires molded firmly 
in place, are now being built in 6-, 8-, 10- 
and 12-in. diameters. They are designed 
for use on hand trucks, dollies and similar 
industrial equipment. They weigh 3 lbs., 
and are equipped with Timken tapered 
bearings, which require no lubrication dur- 
ing the life of the wheel. 


Inc., 


Light Source 
General Radio Co., Cambridge 39, Mass. 


The Microflash consists of a power supply, 
which charges a condenser to a high volt- 


age, and means for discharging the con- 
denser through a gas-filled lamp, designed 
to dissipate most of the energy in about 2 
microseconds, producing an intense, 


short 
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flash. The flash may m tripped by a make 
or break contact, by 1 electrical impulse, 
or by a microphone J vhich picks up a sound 
impulse from the phenomenon to be photo- 
graphed. The microphone is supplied, and 
an amplifer and gain control are built in. 


Ordinary film and camera equipment 
be used with the Microflash. Lamp and 


power supply are mounted in separate metal 
cases, which lock together in a single unit 
for transportation. 


Interval Timer 
44 Summer 


Electronic Controls, Inc., 
Ave., Newark 4, N. J. 
An electronic timer for applications requir- 
ing accurate circuit timing. ‘Time range is 
from ] to 120 seconds in increments of 

one second, with accuracy better than 

percent. Two dials are provided for time 
selection, one is calibrated in single seconds, 
the other in 10 second steps. Dials con- 
trol tap switches. A pilot light, toggle on- 
off switch and a push-switch are included. 
A double receptacle permits timing two cir- 
cuits simultaneously. Contacts are normally 


wired single pole double throw with double 





break and are rated at 25 amps 32 volts 
d.c., 25 amps 125 volts a.c. and 10 amps 
230 volts a.c. Contacts can be wired double 
pole double throw at correspondingly lower 
rating. Cabinet size is 8x8x8 inches. Tube 
used is a 2050 thyratron. Dial switch is 
provided with a position for continuous Cir- 
cuit closure. The unit is supplied for 115 
volts a.c. operation. 


Control Drive 


Yardeny Engineering Co., 105 Chambers 


St., New York 7, N. Y. 


A pulsing drive providing single knob com 
trol of any type of reversible motor. Direc 
tion and extent of motor motion are under 
complete control of the single knob. The 
motor may be continuously rotated or moved 
in small increments. Control action i5 35 


follows: Slow clockwise rotation of the com 
trol knob results in a correspondinz motor 
motion in small increments. Slow counter 
clockwise rotation of the conti knob 
causes reverse motor rotation in sm Il = 

] knot 


ments. Rapid rotation of the cont 


1946 
















causes faster motor motion and more ex 
tended travel. By depressing the knob and 
turning the knob slightly right or left, con 
tinuous forward or reverse rotation. of the 
motor can be accomplished. The pulsing 


drive works on all standard currents and 
frequencies. 


Rectifier Tube 


Fitel-McCullough, Inc., 
Calif. 


San 


Bruno, 


A grid control mercury vapor rectifier tube 
type KY21A/KY21. The KY21 has the 
following characteristics: Filament voltage 


2.5, filament current 10 amperes, peak in- 


verse voltage, 11,000 volts and peak plate 
current 3 amperes. 


Coolant System 


Strainer Products Corp., 75-77 N. Willow 


St., Montclair, N. J. 


A portable central coolant system, designed 
to serve as an auxiliary tank or as a central 
system for one to seven spindles, has an 
inter-knit fabric and wire strainer unit to 
keep coolant and cutting fluids clean. A 
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high pressure centrifugal pump is mounted 
on the unit’s five gallon tank and provides 
an adjustable flow from a trickle to a steady 
stream. The 60-cycle, 1/25 hp. motor is 


single phase, 115 volts, 1.60 amps. 


Static Eliminator 


United States Radium Corp., 535 

St., New York 7, N: Y. 
A continuous source of alpha radiation from 
a radioactive surface, in the form of a long, 
narrow strip, ionizes the surrounding air up 
to a distance of 3 in. from the surface, 
and removes the static electicity within this 
zone. The static-neutralizing element con- 
sists of thin metallic foil, incorporating a 
radioactive substance and welded to a non- 
radioactive, metallic backing. The foil is a 


Pearl 


Mounting bracket 


Tand shield 


Radioactive source 
of alpha! radiation 


Zone of greatest 
efficiency Izn 


Effechve zor 


mechanical bonding medium for the radio- 
active material and acts as a seal to prevent 
escape of radon gas. Alpha radiation is 
emitted directionally, creating an ionized 
zone in the region ot the electrostatic 
charge. The assembly is mounted in a hous- 
ing designed to provide adequate shielding. 
The thickness of the active layer of an 
ionotron unit is 2.5 microns or less. Units 
are available with concentrations up to 1500 
micrograms per sq. in. radium equivalent. 
The alpha radiation is 60 to 75 percent of 
theoretical. Total saturation ionization cur 
rent produced is approximately 1.4 micro 
amperes per milligram of radium. Emana- 
tion release is low. 


Vacuum Tube Voltmeter 


The Precision Apparatus Co., 
Horace Harding Blvd., Elmhurst, 


92-27 
N. Y. 
A tester designed to permit checking of volt- 
ages, currents and resistances encountered in 
television, photo-electric, F.M., A.M. or 
any high sensitivity circuits without dis- 
turbing the operation of the circuits under 
analysis. A single master range selector pro- 
vides positive shift from one range to an- 
other. The functions are as follows: Eight 
zero-center VI'VM ranges from +3 volts 
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d. c. to +6000 d.c. full scale; six 
resistance ranges 0,2000 ohms to 


0-2000 megohms; eight a.c. and eight d.c. 
current ranges from 6000 microamps to 12 


amperes; eight.output ranges from 3 to 6000 
volts and eight decibel ranges from —26 to 
+70db. A vacuum tube probe for super 
sonic, r.f. and u.h.f. voltages is available as 
an optional accessory, known as Series RF-10 
probe and incorporating a peak rectifier cir- 
cuit around a 9002 miniature tube. The 
instrument is furnished in a hardwood wal 
nut finished case with removable cover and 
tool compartment, complete with tubes, 
ohmmeter battery and testing probes. Over- 
all dimensions are approximately 12 x 13 x6 
inches. 


volts 
from 


Pump 


The McIntyre Co., 15 
Newton, Mass. 


Riverdale Ave., 


This gear type pump is available in eight 
standard models to displace from 14 to 20 
quarts of lubricating oil per hour at 3,000 
r.p.m. against pressures to 75 lb. per sq. in. 
It is of lightweight construction and is 
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claimed to operate with high volumetric 
efficiency. Standard models are supplied for 
flange mounting and may be furnished for 
direct motor, belt, spline and other stand- 
ard drives. Power requirements vary between 
1/20 hp. and 1/250 hp. for the largest and 


1] 1 ty f Ç 
mail ipacity pumps 


Jack Switches 
Donald P 


gan Ave., 


Mossman, Inc., 612 N. Michi 


Chicago, Ill. 


[he standard duty switch is available in 5 
amperes, 115 volts, a. non-inductive 

and extra heavy duty in 10 amperes. The 
switch illustrated is built with 1 Form C, 
"make-break," and 1 Form B, “break,” 


locking. It is also available in a non-locking 





position. Both are heavily nickel plated, 
have phosphor bronze springs with fine silver 
contacts, plungers of hard rubber, and red 
or black plastic knobs which are fastened to 
the plunger with a nickel plated set screw. 
Overall dimensions of the switch illustrated 
are 3/4 in. x 1 in. x 4 1/4 in 


Plastic Sealing Caps 
General Electric Co., Pittsfield, Mass 


Caps and sleeves are available in red, blue, 
green, orange, yellow, white and transparent. 
Their electrical properties make them useful 
as insulation covering for bus bars, selsyn 
motors, and wire cleats. Completely water 
resistant, they are produced to specified 
diameters and thickness and shipped dry. 
Prior to use these caps and sleeves must be 
soaked in G.E. Dilater solution. They can 
thus be expanded as much as 50 percent of 
their normal size. They are placed in po 
sition while dilated and allowed to dry. 
When thoroughly dry, they shrink to smaller 
than their normal size to form a tight fit. 
‘They can be crimped any length with a trade 
mark added if desirable. 


Geared Motor 


Jack and Heintz, Cleveland, Ohio 


The Model JH-13100 motor illustrated, is 
designed for 28-volt d.c. svstem, and is 
rated for continuous duty at 3 horsepower 
with a speed of 3800 r.p.m. at the splined 
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output shaft. This self-cooled unit, de 
veloped to operate efficiently at 40,000 feet 
altitude, weighs 19-4 lb. and occupies a 
cylindrical space approximately 6 in. by 10-4 
in. The electrical connector is AN type; 
the drive and mounting flange is standard 
AND 10001-D2, and the cradle support op- 
tionally employs the same mounting belt 
hole spacing. Furnished with prelubricated 
precision ball bearings, the unit is claimed 
to operate im any mounted position. 


Hinged Gear Joints 


The Gray & Prior Machine Co., 610 
Windsor St., Hartford 5, Conn. 


lhis joint comprises alloy steel, heat treated 
gears and a drop forged housing, and oper 
ates smoothly n any position between 3 de 
grees from a straight line to 139 degrees 
lhe unit is for manually operated remote 
controls. 











Gasket 


Goetze Gasket & Packing Co., Inc., New 
Brunswick, N. J. 


l'his gasket consists of two discs of metal 
(Armco Iron, Low Carbon Steel, Monel or 


Stainless Steel) machined on their external 





portioning control. 
rupts the flow of current to the hcating 


faces with standard serrations and welded 
together around their outer periphery. It 
combines the pressure and corrosion resist- 
ant qualities of all metal gaskets with the 
light bolting requirements of a softer seal- 
ing medium. Line pressure entering the in- 
terior of the gasket exerts expansion pres 


sure in excess of the required sealing force 


Motors 
John Oster Mfg. Co., Racine, Wis. 


These units are small capacitor synchronous 
and induction motors for instrument con- 
trol and other applications. Ihe output 
range is 1/1000 to 1/2000 hp. available in 
4 pole or 2 pole tvpes, with or without 
gear reduction. Weight of gearmotor unit 


45 
IS 395 ounces. 





Controller 


The Bristol Co., Waterbury 91, Conn. 


This electric type controller combines a 
proportional current input controller and a 
recorder in one case. Designed to provide 
control of electrically heated furnaces and 
ovens, this instrument provides on-and off 





type control with the advantages ot pro 
A rotating cam inter 


coil or coils. The duration of this interrup: 
tion is determined by the departure ot the 
controlled temperature from the ntrol 
point. 
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Universal Motors 


Lear, Inc., 110 N. 
Grand Rapids, Mich. 


A ten-bladed fan and open laminated con- 
struction provide cooling factors for the 
motors, which are designed for continuous 
dutv. The VC. type motors are rated at 125 
volts a.c. or d.c., and have an output of 
1/100 hp. at approximately 7500 r.p.m. 
The motors are non-reversing, with clock- 


N. W. 


Ionia Ave., 





wise rotation of the shaft at the fan end. 
With a 4 in. stack, the VC. motor has an 
overall length of 3-21/32 in., and is approxi 
mately 2-4-in. diameter. On the standard 
motors, the shaft at the fan end is fitted 
with a 15/32 in. pulley, although special 
shafts or pinions may be specified to meet 
individual applications. The VD. type 
motors are rated at 125 volts, a.c. or d.c., 
and have an output of 1/30 hp. at 7500 
rpm. With a l in. stack, these motors 
have an overall length of 4-%-in. and are 
approximately 3 in. in diameter. Other 
specifications are similar to the VC. motors. 
The VD. standard motors are equipped 
with a ? in. pulley at the fan end. Rota 
tion of the shaft is clockwise. Lead wires 
on the V Series motors are 20# B. & S. 
Ga., 8 in. long, plastic insulated. 


Gauss Meter 


General Electric, 
Div., Lynn, Mass. 


Utilizing a moving-magnet rotor at the end 
of an exploring prod, this instrument per- 
mits flux to be measured at a single point 
ID either air gap or iron structure. The 
latter measurement is accomplished by drill. 
ing a 0.090 in. hole in the iron and insert 
n5 the prod in this hole to check “H” in 
the iron. The small area of sensitivity at 
the end of the exploring prod allows the 
meter to be used in obtaining detailed 
analysis of flux distribution. This gauss 
"c Is contained in a 2 in. round Tex 
‘olite case with a hollow bronze exploring 
Prod ext iding from the back. For instru 


Meter and Instrument 


Propux I 
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ment work, 


1 diameter 


prods 0.075 in. i 
and 14 in. long are furnished; for use with 
larger apparatus, prods 5 in. long by 0.090 


in. in diameter are used. Indication of 
flux density in gause is given on a 260- 
concentric scale. Full-scale ranges 


- 


2500, and 5000 gauss 


degree 
of 100, 500, 1000, 
we available. 


Fairlead 


Double T Fairlead Co., 301 Acacia Ave., 
Hawthorne, Calif. 


These units are designed to support tubing 
of the same size or any combination of sizes. 
When used on gang fairleads, any individual 
line or conduit may be removed without dis- 






turbance to the other lines in the same series. 
Having two parts, the bracket and the 
grommet, this fairlead is light in weight. To 
assemble, place the split grommet over the 


tubing and then insert the other half of the 
grommet. 


Voltage Regulators 


Sylvania Electric Products, Inc., Boston, 


Mass. 


Cold cathode voltage regulators available for 
65-90 volt operation where currents range 
between 2 and 3 milliamperes and maxi- 
mum voltage variation does not exceed 3 


volts. Mounted in miniature polarized bay- 
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onet bases, the bulbs of these tubes are 
enclosed in a metal shield, color coded for 
visual indentification. Thev are 13 in. over 
all and 3 in. diameter. Used in series with a 
current-limiting resistor ot ipproximately 
15.000 ohms on the load side of a 175 
source, they may be operated in 
ny position. [wo or more tubes of the 


volt d.c. 


same type may be operated in series for 
better voltage regulation. 


Tubing Fitting 
Gustin-Bacon Mfg. Co., Kansas City, Mo. 


lhe Flexigrip fitting made in standard sizes 
from 1/8 in. to 1 1/2 in. O.D., consists of 
four parts—the body, a gripping ring, syn- 
thetic rubber gasket and nut. To attach the 
fitting, the nut (with gasket and ring in- 





side) is slipped over any plain-end tube, 
cut to desired length. The tubing end is in- 
serted into the body as far as it will go and 
the nut tightened. Tightening the nut com- 
presses the ring into a “tight grip and moulds 
the gasket around the ring for a leak-proof 
seal. Flexigrip tubing fittings are available 
in brass, aluminum or steel. 


Industrial Wheels 


Aircraft Mechanics, Inc., Industrial 
Wheels Div., Colorado Springs, Colo. 


Cast aluminum industrial wheels that are 
mounted to solid rubber or zero-pressure 
rubber tires. The two wheel halves are de- 
signed to fit into the tire and become seated 


- 





Wheels 


as the wheel bolts are tightened. 
in sizes from 2 in. to 10 in. for various 
tires, and with load capacities ranging from 


300 to 884 lb. are available. 
models have dust-proot bearings 


Standard 
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I. SCOPE 


a. This standard presents data collected on the molding tolerances 
and dimensional stability of molded thermoplastics and thermo 
setting parts, excluding laminates. 

b. Representative information was collected from molding 
plants by circulating questionnaire forms and a typical drawing, 
devised to encompass a variety of tolerance conditions as, for 
example, longtitudinal tolerances and tolerances on the various 
diameters. It is recognized that the specimen selected does not 
cover all possible conditions that might obtain, however, it does 
provide a basing point on which molding tolerance standards can 
be established. 

c. These data are being published on the most commonly used 
materials first. Data on other materials will be published later. 


Il. DEFINITIONS 
i. Molding dimensional tolerances 
1. Molding dimensional tolerance is defined as the allowable 
variation from the mean or basic dimension. 
The tolerances are presented in three classifications: 
(a) Fine Tolerance 
The narrowest possible limits commensurate with closely 
supervised and controlled production. 
(b) Standard Tolerance 
The usual commercial tolerance that can be held under 
average conditions. 
(c) Coarse Tolerance 
Broad variation where dimensions are not considered 
important factor. 


III. COST 


a. It should be emphasized that the closer tolerance demanded, 


the higher the cost, both in tooling and parts. 
IV. DIMENSIONAL STABILITY 


a. Information is now being correlated on dimensional stability. 


Table ! — Woodflour-Filled Phenolic Materials+ 
(Plus or Minus Tolerance in Thousandths of an In. 
123456789 10 11 12 13.14 15 16 17 18 19 20 


HASTEN NU 
LIN INS | INS! fT | 


Dimension 
in in.* 
0.000-0.500 
0.500-1.000 
1.000-2.000 
2.000-3.000 
3.000-4.000 
4.000-5.000 
5.000-6.000 
Over 
$a [Std | 0.002 in. 
perin|Coarse ^ 0.0025 in. 


*When dimension is greater than that shown use next 
larger tolerance. 


$|Fine | 14 deg. 
T|std. | 4 deg. 
1 deg. 


Section thickness to be held constant. 


Wall thickness eccentricity 0.005-0.007 in. Interlocking 
reduces this. 





COONS TON 
HEEEEEENCT LL NI 


0.0015 in. 


Dimensions 
Cylindrical and lineal dimensions 
(A,B,C) on straight draw, uniform 
moldings, No allowance for draft. 


Plus or Minus Tolerance in 
Thousandths of an In. 


Compression molded. 
avity depth 0.000-1 in. 
Projected area 

up to 20 sq. in. 2 4 6 8 10 12 14 16 18 20 22 


D | Single cavity | J|F[sjc{] | | | ] | | 
D -—-— —f I driste [L L 
For cavity 20m more 
For — — Add 0. 001 in. "foreach additional 10 sq. in. 
area over 20 Sta Add 0.002 in. for each additional 10 sq. in. 


rse | Add 0.003 in. for each additional 10 sq. in. 


Plus or Minus Tolerance in 
Injection molded Thousandths of an In. 


Any area [2 [« [e [s [1o [ v2 [ 14] 16] 18] 20] 22 
[—sSmgeevsg — [FISCI | 1. 1 | LI 
[Multiple cavity | [F[sS]c] | |] ] | J | 


If cavity depth 
exceeds 1 in. Add 0.001 in. per in. 


Section thickness tolerance same as "D" 


Dimensions 


Transfer, X or 


tThese tolerances do not apply to screw threads, location of inserts or 


warpage. F=fine S=standard C= coarse 





7? 
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Table li — Cotton-Flock-Filled Phenolic Materials} 


| Dimension E lus or Minus Tolerance in Thousandths of an In. 
in in.* 123456789 10 11 12 13 14 15 16 17 18 19 20 
0.000-0.500 yg get 
0.500-1.000 PTT iN [| 
1.000-2.000 
2.000-3.000 
3.000-4.000 q 
4.000-5.000 | | | TN ED 
5.000-6.000 ACCEL NL | — aon 
Over 0.0015 in. l 
Sin. [Sta | 0.002 in. Ba 
per in 0.0025 in. re Le 


*When dimension is greater than that shown use next 
larger tolerance. 















Dimensions 






Cylindrical and lineal dimensions 
(A,B,C) on straight draw, uniform 
moldings, No allowance for draft. 





č; p$|Fine | % dee. E 
fo E = Std. 14 deg. 
A% £} Coarse | 1 deg. 








Section thickness to be held constant. 


Wall thickness eccentricity 0.005-0.007 in Interlocking 
reduces this. 






Plus or Minus Tolerance in 
Thousandths of an In. 





Compression molded. 
avity depth 0.000-1 in. 
Projected area 




















=. to 20 > in. 246 8 10 14 16 18 20 22 
L— simge asy — [ T IFISIST | 1 1 1 | 
[Multiple cavity | | | ]F]S]C] | | | 











For 2 depth more 
than 1.000 in. Add 0.002 in. per in, 


For projected Add 0.001 in. for each additional 10 sq. in. 
area over 20 —- Add 0.002 in. for each additional 10 sq. in 
sq. in. Add 0.003 in. for each additional 10 sq. in 
Plus or Minus Tolerance in 
Injection molded Thousandths of an In. 


Any area [ 2 [«[e [s [19 [i2 [14 [16 [18] 29 [22 
[Single cavity — [ [F|s|c| | | | | |. 
Multiple cavity weiter. Yd [I ] 


If cavity depth » d 
exceeds ] in, Add 0.0015 in. per in. 


Section thickness tolerance same as “D” 





















Dimensions 





Transfer, Jet, or 

















tThese tolerances do not apply to screw threads, location of inserts or 


warpage. F=fine S-standard C — coarse 








Table II! — Rag-Filled Phenolic Materials} 


| Dimension F lus or Minus Tolerance in Thousandths of an In. 
in in.* 123456789 10 11 12 13 14 15 16 17 18 19 20 





















" 000-50 | I[[IIIIITL TT TL TILLLA 
gE %4 | -2500-1000 | NIN HN EK 
555 100-2000 | T NINS LON 
: 8 | _2.000-3.000 
Syv| _3.000-4.000 
~E 8| _4.000-5.000 CERLE TM] 
£ ili 5.000-6.000 THC SETS 
* ^5 Over Fine | 0.002 in. 
: - aa Gin. [Std. | 0.0025 in. 
£ io per in|Coarse] 0.003 in. 
36 * *When dimension is greater than that shown use next 
S m rger tolerance. 
"o la 
Eas| x5 ,[Fine | 4 deg. 
SSE LEN á * 
à eg. 






Section thickness to be held constant. 


Wall thickness eccentricity 0.005-0.007 in. Interlocking 
reduces this. 












Plus or Minus Tolerance in 
Thousandths of an In 











Compression molded. 
avity depth 0.000-1 in. 
Projected area 

up to 20 sq. in. 2 4 6 8 10 12 14 16 18 


D | Single cavity | | | [F]|S|C] | | | 
D | Multiple cavity | | | [Fisic] | | |— 


For cavity depth more 
than 1.000 in. Add 0.002 in. per in, 


— 
For projected [Fine |Add 0.001 in. for each additional 10 sq. in. 
IStd, [Add 0.002 in. for each additional 10 sq. in. 


Add 0.003 in. for each additional 10 sq. in. 


Plus or Minus Tolerance in 
Thousandths of a5 In. 


[2| [e[s [1o [ 2 [ 14] 16] 15] 20] 22 
|__Single cavity — | |r|[s]c] | [ | | +4— 
D |  Mukipe cavity | | JF[s]|c] | | | 


If cavity depth 
exceeds 1 in. Add 0.0015 in. per in. 


Section thickness tolerance same as “D” 













20 22 





















area over 20 
sq. in. 


Transfer, Jet, or 
Injection molded 
Any area 





Dimensions 











— — 
— — 


Yn tolerances do not apply to screw threads, location of inserts or 
page. F=fine S=standard C= coarse 













Propuct ENGINEERING — FEBRUARY, 1946 








Table IV — Tire-Cord-Filled Phenolic Materials+ 


[Drawing Dimension [Plus or Minus Tolerance in Thousandths of an In 
| Code in in.* 123456789 10 11 12 13 14 15 16 17 18 19 2¢ 
0000-0500 | TTITTTTTTITIITII 
0.500-1.000 ACEO | 
1.000-2.000 | [WIS Ko 
_2.000-3.000 
3.000-4.000 
4.000-5.000 
5.000-6.000 


dimensions 


lineal 


(A,B,C) on straight draw, uniform 


0.0015 in. 
0.002 in. 
0.0025 in. 





and 


No allowance for draft. 


Dimens 


*When dimension is greater than that shown use next 
larger tolerance. 


Cyhndrical 


moldings, 








m 


Section thickness to be held constant. 


Wall thickness eccentricity 0.005-0.007 in. Interlocking 
reduces this. 


y 


Plus or Minus Tolerance in 


Compression molded. 
Thousandths of an In. 


"avity depth 0.000-1 in. 
Projected area 
up to 20 sq. in. 2 6 8 10 12 14 16 18 


TLLIHSISL I LIA 
[1 Irisicel LOI 
For cavity depth more 


than 1.000 in. Add 0.002 in. per in, 
Fine Add 0.001 in. for each additional 10 sq. in. 





Drawing 
Code 


Single cavity 
Multiple cavity 








For projected 
area over 20 Std. Add 0.002 in. for each additional 10 sq. in 


sq. In. Coarse Add 0.003 in for each additional 10 sq. in 











Plus or Minus Tolerance in 
Thovsandths of an In 


Transfer, Jet, or 
Injection molded 


Any area 2T4Te [s [Do i2 [Da [e [as T 2 
Single cavity FISIC * -- 
Multiple cavity F bá 
If cavity depth 
exceeds ] in, 














Add 0.0015 in. per in. 





Section thickness tolerance same as "D" 





fThese tolerances do not apply to screw threads, location of inserts or 
warpage. F —fine S-standard C — coarse 


Table V — Paper-Filled Phenolic Materialst 
Dimension |Plusor Minus Tolerance in Thousandths of an In. 
inin* — [123456789 10 11 12 13 14 15 16 17 18 19 20 
0.000-0.500 | T [T] 
0.500-1.000 
_1.000-2.000_ 
~ 2.000-3.000 
- 8.000-4.000 
4.000-5.000 
5.000-6.000 - 
Over [Fine 0.002 in. 
m 0.0025 in. 
0.003 in. 
*When dimension is greater than that shown use next 
larger tolerance 





niform 


dimensions 





lineal 








and 


Dimensions 














Wall thickness eccentricity 0.005-0 007 in. Interlocking 
reduces this. 








Plus or Minus Tolerance in 


Compression molded. 
aenn Thousandths of an In. 


`avity depth 0.000-1 in. 
Projected area 
up to 20 sq. in. ? 4 6 8 16 3 34 36 


[ _ Single cavity | | | |JFIs]|c|] | | | | 
[Multiple cavity | |[]]jFlslc] | | | 
For cavity depth more 
than 1.000 in. 
EE" Add 0.002 in. for each additional 10 sq. in. 
sq. in. Add 0.003 in. for each additional 10 sq. in. 


Transfer, Jet, or Plus or Minus Tolerance in 
Injection molded Thousandths of an In. 


Any area [2 [«[e[s [10 [ 2 | ia [ 16 | i8] 20] : 
| Single cavity | [Fisl] | [| | | | 
| Multiple cavity | | [Fisici [| | | | 


If cavity depth n ; 
exceeds ] in, Add 0.0015 in. per in. 


Section thickness tolerance same as “D” 


Add 0.002 in perin, 


Dimensions 


t s : 
These tolerances do not apply to screw threads, location of inserts or 
warpage. F=fine S=standard C= coarse 
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Add 0.001 in. for each additional 10 sq. in. 


Table VI — Short-Fiber, Asbestos-Filled Phenolic Materials 


Dimension |Plus or Minus Tolerance in Thousandths of an In 
in in.* 


. 0.000-0.500 
0.500-1.000 
1.000-2.000 

. 2.000-3.000 
3.000-4.000 
4.000-5.000 
5.000-6.000 


Over [Fine | 0.001 in. 
In. * 

add 0.0015 in. 
per in 0.002 in. 


*When dimension is greater than that shown use next 
larger tolerance. 


tlFine | * deg. 

Ér|std. | deg. 

Coarse 1 deg. 
Section thickness to be held constant. 


Wall thickness eccentricity 0.005-0.007 in. Interlocking 
reduces this. 





dimensions 
(A,B,C) on straight draw, uniform 


lineal 


and 
No allowance for draft. 


Dimensions 


Cylindrical 
moldings. 


Plus or Minus Tolerance in 


Compression molded. 
ai Thousandths of an In. 


avity depth 0.000-1 in. 
Projected area 
up to 20 sq. in. 2 


| Single cavity — | [F|s|C 
Multiple cavity | | [Fisic] | | 


For cavity depth more 
than 1.000 in. Add 0.002 in. per in, 


For projected Fine |Add 0.001 in. for each additional 10 sq. in. 
area over 20 Std, Add 0.002 in. for each additional 10 sq. in. 
sq. in. Coarse | Add 0.003 in. for each additional 10 sq. in 


Transfer, Jet, or Plus or Minus Tolerance in 
Injection molded Thousandths of an In. 


Any area  [s[a[s[s [10 [12 [14 16 18 20] 22 
Singe ewvity— [F|S|c] | | | | | 
[Multiple cavity | [FIsIc] 1 1 1 | 


If cavity depth i 
exceeds 1 in. Add 0.001 in. per in. 


Section thickness tolerance same as "D" 


Dimensions 


fThese tolerances do not apply to screw threads, location of inserts or 
warpage. F=fine S=standard C= coarse 


Drawing Dimension 
in in.* 
0.000-0.500 
0.500-1.000 
1.000-2.000 
_2.000-3.000 
3.000-4.000 
~ 4.000-5.000 
5.000-6.000 








dimensions 





4 


L 
0.001 in. 
0.0015 in. 
0.002 in. 


*When dimension is greater than that shown use next 
larger tolerance. 


lineal 


on straight draw, uniform 








and 
No allowance for draft. 


Dimensions 





s, 


1 4 deg. 
ls deg. 


Cylindrical 
molding 





3 
3 


1 deg. 
Section thickness to be held constant. 


Wall thickness eccentricity 0.005-0.007 in. Interlocking 
reduces this. 





Plus or Minus Tolerance in 


Compression molded. 
Thousandths of an In 


'avity depth 0.000-1 in. 
Projected area 
up to 20 sq. in. 4 6 8 10 12 14 16 18 20 22 


9 
[Single cavity | [F[SIc| | | | L1 1] 
Multiple cavity | | [Fisici I ITI] 


For cavity depth more 
than 1.000 in Add 90.002 in. per in, 


For projected [Fine — | Add 0.001 in. for each additional 10 sq. in 
area over 20 IStd, | Add 0.002 in. for each additional 10 sq. in 
sq. in. Add 0.003 in. for each additional 10 sq. in 


Transfer, Jet, or Plus or Minus Tolerance in 
Injection molded Thousandths of an In. 


Any area [z[ss[s [19 [12 [14 [15 [1| zo| 
[ —Singe ewvity— |F |s|c| | [T TT] 
[Multiple cavity | IFIsIc| 1 1 1 1 


If cavity depth 
exceeds ] in, Add 0.001 in. per in. 


Section thickness tolerance same as "D" 


Dimensions 


fThese tolerances do not apply to screw threads, location of inserts or 
warpage. F=fine S=standard C = coarse 


(Continued on next page) 








Table Vill— Asbestos, Woodflour-Filled Phenolic Materials} 


| Dimension i lus or Minus Tolerance in Thousandths of an In. 
in in.* 123456789 10 11 12 13 14 15 16 17 18 19 20 
00000500 [| | IL ITITTTT T TITTI 
0.500-1.000 | INIM I 
1.000-2.000 


2.000-3.000 











3.000-4.000 — — 
4.000-5.000 TINSA | — 
5.000-6.000 [|TITTT IN 


Over |Fine 0.0015 in. 
2 0.002 in. 
per in]Coarse 0.0025 in. 


Dimensions 









*When dimension is greater than that shown use next 
larger tolerance. 

Fine | % deg. 

std. | ^4 deg. 

1 deg. 

Section thickness to be held constant. 


Wall thickness eccentricity 0.005-0.007 in. Interlocking 
reduces this. 


(A,B,C) on straight draw, uniform 
moldings, No allowance for draft. 


Cylindrical and lineal dimensions 














Plus or Minus Tolerance in . 


i d. 
Compression molds Thousandths of an In. 


'avity depth 0.000-1 in. 
Projected area 
up to 20 sq. in. 2.46 8 10 12 14 16 18 20 22 


| Single cavity — | IFISICI | | | | | | 
[ Mukipecavity | | [Fisic{ | | | | | 


For cavity depth more 
than 1.000 in. Add 0.002 in. per in, 


Add 0.001 in. for each additional 10 sq. in. 
IStd, [Add 0.002 in. for each additional 10 sq. in. 
Add 0.003 in. for each additional 10 sq. in. 


Plus or Minus Tolerance in 
Injection molded Thousandths of an In. 


Any area | 2} 46] 8] 10] 12] 14] 16] 18] 20] 22 
D nee eer JF Pet) ft ft 
D | _ Multiple cavity | [|Flslc] |] | | | | 


If cavity depth 
exceeds ] in, Add 0.001 in. per in. 


E? Section thickness tolerance same as “D” 





Drawing 
Cade 









ojojo 





For projected 
area over 20 
sq. in. 







Dimensions 


Transfer, Jet, or 















tThese tolerances do not apply to screw threads, location of inserts or 
warpage. F=fine S=standard C= coarse 









Table IX — Mica-Filled Phenolic Materials} 
Drawing Dimension [Plus or Minus Tolerance in Thousandths of an In. 


Code in in.* 123456789 1011 12 13 14 15 16 17 18 19 20 


~~v000-0.500- TTT 11114 
UN. 














































——— [2[«Te[s oio | ia] 16 ns 20] 22 
—Dp [ Single cavity | |F[S]CO]| | | { | | | | 
p | Multiple cavity | [FISIC] |] 1] 1 | | | 


If cavity depth 


— exceeds 1 in. Add 0.001 in. per in. 
E? Section thickness tolerance same as "D" 


tThese tolerances do not apply to screw threads, location of inserts or 
warpage F = fine S= standard C = coarse 





Tolerances on Molded Plastics Parts (continued) 












EEZ E 
EES] _0.500-1.000 | NNU NTT] "AM. 
IEE 1000-2000 | [| N NSIT TT Nia | E: | 
$E. |  2.000-3.000 [ [|] N e | INS | b 7 
£°5 ene cmm e Me r1 . 
oe” .3.000-4.000 A13 IN Ne | L. t. 7 
DE 4.000-5.000 IIN] | Ej 
v duc - 000-6. — —— + — A 
E o * 5.000-6.000 ' 
E ces — —— — — — —— 
* $5 Over |Fine 0.001 in. 
c 3* 6 in. "a3 : — 
J a Std. 0.0015 in. 
E as add - - = 
= suc per in]Coarse 0.002 in. 
M au eee —— : 
ao, *When dimension is greater than that shown use next 
znak larger tolerance. 
385 — — 
EMD 2 s! 8 Fine là deg. 
Za«c| s29*[s 
2* É LB. c ^ Std. \ deg. 
Ow z25 
A's * ElCoarse 1 deg. 
E Section thickness to be held constant. 
E! Wall thickness eccentricity 0.005-0.007 in. Interlocking 
z reduces this. 
op á Compression molded. Plus or Minus Tolerance in 
S% |Cavity depth 0.000-1 in. Thousandths of an In. 
SO Projected area 
G up to 20 sq. in. 246 8 10 12 14 16 18 20 22 
D Single cavity | |F LEX obs 
D Multiple cavity | | [F[s{¢] [ [ [ | J 
D For cavity depth more 
e than 1.000 in. Add 0.002 in. per in, 
e E For projected |Fine Add 0.001 in. for each additional 10 sq. in. 
£ area over 20 Std. Add 0.002 in. for each additional 10 sq. in. 
e è — Rt 
E sq. in. Coarse | Add 0.003 in. for each additional 10 sq. in. 
a Transfer, Jet, or Plus or Minus Tolerance in 
Injection molded Thousandths of an In. 


Table X — Unfilled Phenolic Materials? 
Dimension [Plus or Minus Tolerance in Thousandths of an In. 
in in.* Tee 13 14 15 16 17 18 19 20 
0.000-0.500 Petre eT 
0.500-1.000 | |WIMITI! | A 
koki 


1.000-2.000 
_2.000-3.000 
3.000-4.000 


[ [ITIN 
4000-5000 | TOT N 


























dimensions 


(A,B,C) on straight draw, uniform 
















No allowance for draft. 


£ .500-6000 | | TT] {TT NI] 

* Over Fine 0.0015 in. E 
E in. : — 
g add IStd. | 0.002 in. i x 
= perinjCoarse 0.0025 in. 

a AL — — 





*When dimension is greater than that shown use next 

















Cylindrical and lineal 





% larger tolerance. 

E iain 

sie: ot Fine 14 deg 

Sj 20a DN N 

E| ELEn Std. | deg. = 
Q'a?*9 — 

















| deg. - 


Section thickness to be held constant, 


Wall thickness eccentricity 0.005-0.007 in. Interlocking 
reduces this. 















Compression molded. Plus or Minus Tolerance in 









'avity depth 0.000-1 in. Thousandths of an In. 
Projected area H 
up to 20 sq. in. 2 4 6 8 10 12 14 16 18 20 22 





Single cavity | | | | [F[SIC| | | | | — 
| Multiple cavity | | | [ ]FÍ[sic]l | | | 
For cavity depth more 
Add 0.001 in. for each additional 10 sq. in. 
Add 0.002 in. for each additional 10 sq. in. 
Add 0.003 in. for each additional 10 sq. in. 


Plus or Minus Tolerance in 
Injection molded Thousandths of an In. 


Anvara —  [z[s[s[s [1o [12 [11 [15 [18 zo[ z 
C Single cavity | |F]S|c| | | | | | | 
[ “Multiple eavity | T IFISIG T 1 1-1 1 — 


If cavity depth 
exceeds ] in, Add 0.001 in. per in. 


Section thickness tolerance same as “D” 










For projected 
area over 20 
8q. in. 










Dimensions 


Transfer, Jet, or 





















fThese tolerances do not apply to screw threads, location of inserts or 
warpage. F=fine S-standard C - coarse 








Dimension | lus or Minus Tolerance in Thousandths of an In. 
in in.* 123456789 10 11 12 13 14 15 16 17 18 19 20 
0.000-0.500 Le TT 
0.500-1.000 | NNN A 
1.000-2.000 | || NIN TAKEJ, E 
oso | — LN Eee oa 
3.000-4.000 | TIIN 
— 


4.000-5.000 
5.000-6.000 


Over [Fine | 


6 in. 


perinjCoarse ^ 0.008 in. 


*When dimension is greater than that shown use next 
larger tolerance. 







No allowance for draft. 


Dimensions 
Cylindrical and lineal dimensions 


(A,B,C) on straight draw, uniform 


moldings, 






Section thickness to be held constant, 


Wall thickness eccentricity 0.005-0.007 in. Interlocking 
reduces this. 







Compression molded. Plus or Minus Tolerance in 
avity depth 0.000-1 in.| ' Thousandths of an In. 
Projected area 
up to 20 sq. in. 2 4 6 8 10 12 14 16 18 


[ Single cavity | | [F[F[sS|c [JO] | | |. 
| Multiple cavity | | |F]rF]S] | [ | | 
than 1.000 in. ci ine 
For projected |Fine [Add 0.002 in. for each additional 10 sa. in. 
area over 20 |Std, |Add 0.003 in. for each additional 10 sq. in. 


sq. in. Add 0.004 in. for each additional 10 sq. in. 


Transfer, Jet, or Plus or Minus Tolerance in 
Injection molded Thousandths of an In. 


Anyara ^ — [s[«[s[s [10 [i2 [14 [15 15] [2 
[ Sigecwiy | |F]S|C|] | | | | | 
| Multiple cavity | | [Fisic] | | | | 


If cavity depth 
exceeds 1 in. Add 0.001 in. per in. — 


Section thickness tolerance same as “D” — 






Dimens ions 









tThese tolerances do not apply to screw threads, location of inserts ° 
warpage. F=fine S=standard C= coarse 
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Table XI! — Urea-Formaldehyde Molding Compound, Electrical Grade} 


(Plus or Minus Tolerance in Thousandths of an In. 
12345 92 


[Drawing Dimension 
. Code in in.* 
0.000-0.500 
_0.500-1.000 
1.000-2.000 
2.000-3.000 
3.000-4.000 
4.000-5.000 
_5.000-6.000 
Over 
6 in. 
add. 


E3159 191112 13 14 15 















16 17 18 19 20 











dimensions 


(A,B,C) on straight draw, uniform 


lineal 


and 


Dimer 





No allowance for draft. 


*When dimension is greater than that shown use next 





oh larger tolerance. 
y E 
| £as 2 3 gSfFine_| !& deg. 
SiE PE piisa. I u aer 
a7 
ei. 1 deg. 
E Section thickness to be held constant, 
. Wall thickness eccentricity 0.005-0.007 in. Interlocking 
E! 


reduces this. 










Plus or Minus Tolerance in 
Thousandths of an In. 






Compression molded, 
avity depth 0.000-1 in. 
Projected area 
up to 20 sq. in. 















6 8 10 12 14 16 18 


Single cavity E rsrsr T1 T TL Id 
[Multiple cavity | |Fis] [C] | | | | | 


For cavity depth more 
than 1.000 in. Add 0.002 in. per in, 


For projected Add 0.001 in. for each additional 10 sq. in. 
area over 20 Std. Add 0.002 in. for each additional 10 sq. in. 


oq. in. Add 0.003 in. for each additional 10 sq. in. 


Plus or Minus Tolerance in 
Injection molded Thousandths of an In. 


Any area 20| 22 
inek earar it pie ft — 
| Multiple cavity | [Fisic] |] | | | | 


If cavity depth 
exceeds ] in, 


Section thickness tolerance same as "D" 


20 22 
























Dimensions 


Transfer, Jet, or 












7These tolerances do not apply to screw threads, location of inserts or 


warpage. F=fine S=standard C=coarse 
















Table XIII —Melamine-Formaldehyde Molding Compound, Cellulose Filledt** 











Drawing Dimension Plus or Minus Tolerance in Thousandths of an In. 
Code in in.*^ |12345678910 11 12 13 14 15 16 17 18 19 20 
ees) —0:000-0.500_ SSE TK 
£ Es 0.500-1.000 TNS — | 
ZSE | _1.000-2.000 | 
25. 2.000-3.000 aan 
Syv| .3.000-4.000 LIIS 
bi 4.000-5.000 
--9 = ——— 
£| $T 8| .5.000-6.000 mL 
: Ts Over 0.002 in. S 
à EG —J 0.003 in. aired 
E" "2 per in 0.006 in. p a acta a ie 
a6 ! *When dimension is greater than that shown use next 
tc & larger tolerance. * 
v . E a ae 
ia| zo dEn | a a — 
Sap Pipila | u de — — 
a's Coarse 1 deg — 
E Section thickness to be held constant 0.004 in. 


Wall thickness eccentricity 0.005-0.007 in. Interlocking 
reduces ,this. 

















Plus or Minus Tolerance in 
Thousandths of an In. 






Compression molded. 
avity depth 0.000-1 in. 
Projected area 

— 2*4 6 8 10 12 14 16 18 20 22 


[Single cavity | |F[F[sS] [Gc] | | | = 
D [| Multiple cavity | [F[Fis| [co] | | 


D For cavity depth more 
— than 1.000 in. Add 0.002 in. per in, sen 
For projeeted Add 0.002 in. for each additional 10 sq. in. 
area over 20 |Std, |Add 0.003 in. for each additional 10 sq. in. 
sq. in Add 0.006 in. for each additional 10 sq. in. 


Transfer, Jet, or Plus or Minus Tolerance in 
Injection molded Thousandths of an In 


Any area pepe Bef sete 22 
—D_]| Single cavity  |rF]s]c| ] |] | | |] | | 
" Multiple cavity [ |Fisic] 1 | 


If cavity depth j : 
exceeds 1 in. Add 0.002 in. per in 


E2 Section thickness tolerance same as “D” 















Drawing 
Code 


2 








Dimensions 





'These tolerances do not apply to screw threads, location of inserts o 
cc; ge. F=fine S-standard C — coarse 


——— shown are approximate and apply only where material is 
subjected to less than 50 deg. C. temperature after molding. 


(Continued on next page) 
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X1V—Melamine-Formaldehyde Molding Compound, Asbestos Filled}** 


| Dimension É lus or Minus Tolerance in Thousandths of an In. 
in in.* 1234567891011 12 13 14 15 16 17 18 19 20 


0.000-0.500 

































*When dimension is greater than that shown use next 


n s | 
EF&| ~0.500-1.000 — 
o 1.000-2.000 E | 
251] _2.000-8.000 0 
SgV| _3.000-4.000 K {l 
RS 40005000 [||] | 1 | Nel [NET à 
£ FE 5.000-6.000 | | TTT TNL IWT ISS 
* SEE Over 0.004 in. 
E "az in : 
3} EE) add 0.005 in. 
z . per in 0.007 in. 
-— Z 
Q 
< 


Cylindrical and 








g larger tolerance. 

£ 2 SlFine | % deg. 

HBEEE o CT 

É FC e 5 , deg. 
— 14 


Section thickness to be held constant 0.004 in. 


Wall thickness eccentricity 0.005-0 007 in Interlocking 
reduces this. 











Plus or Minus Tolerance in 
Thousandths of an In. 






Compression molded. 
avity depth 0.000-1 in. 
Projected —* 

up to 20 sq. 6 10 12 18 20 22 


[Single eavity — [* [F]S] [6] — 
[Multiple cavity | JFlFis| lc] |] | I| 


For cavity depth more 
than 1.000 in. *A dd 0.002 1n. per in, 


Add 0.002 in. for each additional 10 sq. in. 
Add 0.004 in. for each additional 10 sq. in. 
Add 0.006 in. for each additional 10 sq. in. 


Plus or Minus Tolerance in 
Injection molded Thousandths of an In. 


Any area 10 | 12 22 

D | JSSinglecavity— |F|SIC| | | | | | | 

D | Multiple cavity | [FlS|c] | | | | | 
exceeds 1 in, 


E2 Section thickness tolerance same as “D” 









Drawing 
Code 


ojojo 







For projected 
area over 20 
sq. in. 






Dimensions 


Transfer, Jet, or 








tThese tolerances do not apply to screw threads location of inserts or 


warpage. F=fine S= standard C= coarse 


**Tolerances shown are approximate and apply only where material is 
subjected to less than 50 deg. C. temperature after molding. 





Table XV—Melomine-Formaldehyde Molding Compound, Rag Filledt** 


Dimension [Plus or Minus Tolerance in Thousandths of an In. 












4.000-5.000 | | | | 2, 
5.000-6.000 
Over 0.002 in. 

in. —4 — 
add 0.0025 in. 
per in 0.003 in. 


*When dimension is greater than th»* shown use next 


in in.* 12345678910 11 12 13 14 15 16 17 18 1920 
= 

. 0.000-0.500 | | | | 
: 0.500-1.000 | | NX | ^ E 
* 1000-2000 | |] N Nis! 7 Na E. E 
è 2.000-3.000 | [TT N | Nee | NE D y 
£ 3.000-4.000 | | | | 7 A t 
7 
2 
s 



















No allowance for draft. 


Dimensions 





(A,B,C) on straight draw, uniform 


Cylindrical and 





8 — tolerance. 

£ 

— — 

= om 

S| E tilsa. dee 
— 1 deg. 


Section thickness to be held constant, 


Wall thickness eccentricity 0.005-0.007 in. Interlocking 
reduces this. 





Plus or Minus Tolerance in 


ression molded. 
Compress wy Thousandths of an In. 


avity depth 0.000-1 in. 
Projected area 
= oe > 2 4 6 8 10 12 14 20 22 


L—L Dear 
[—wwtpieesitg | 1 IrisI 1€1- 1 1-1] 


For cavity depth more 
than 1.000 in. Add 0.002 in. per in, 


For projected Add 0.001 in. for each additional 10 sq. in. 
area over 20 (|Std,  |Add 0.002 in. for each additional 10 sq. in. 
sq. in Add 0.003 in. for each additional 10 sq. in. 


Plus or Minus Tolerance in 
Thousandths of an In. 


[ 2 [«[e [s [1o [12] 14 22 
|__Single cavity — | |Fis|c] | | | | | J 
| Multiple cavity | | |F|JS[C]| | wt um 


If cavity depth 
exceeds 1 in. Add 0.0015 in. per in 


Section thickness tolerance same as “D” 







































Dimensions 


Transfer, Jet, or 
Injection molded 
Any area 




















tThese tolerances do not apply to screw threads, location of inserts or 
warpage. F=fine S=standard C= coarse 


**Tolerances shown are approximate and apply only where material is 
subjected to less than 50 deg. C. temperature after molding. 
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Tolerances on Molded 


Plastics Parts (continued) 


Table XVI — Cellulose Acetate, Medium Flow? 


Drawin Plus or Minus Tolerance in Thousandths of an In. 


Code | Dimension | 1 2 3 4 5 6 7 8 9 10 12 14 16 18 20 


_0.000-0.500 
0 500-1 .006 1.000 
_1.000-2.000 
_ 2.000-3.000 
A 000-4.000 
- 4.000-5. 000 


5.000-6.000 


lineal dimensions 


0.003 in. 
0.005 in. 


No allowance for draft 


0.007 in, 


Fine ig deg. 
"[sta. !ó deg. 
1 deg 


Plus or Minus Tolerance in Thousandths of an In. 


Dimension 1] 2]3]4]5]6]7] 8] 9] 10] 12] 14] 16] 18] 20 


Single Cavity 


Height 
s 0.000-1.000 in. 
D Added Height 0.002 in. per in. 
E Section Thickness to be held constant + +0.001 in, M 





Dimensions 
(A,B,C) on straight draw, uniform | 


| 
| 
| 


Injection molded 
[Cylindrical and 


moldings, 





Multiple 
Cavities 


0.000-1.000 in. 
Height 


tThese tolerances do not apply to screw threads, location of inserts o! 
warpage. F=fine S=standard C= coarse 


Plus or Minus Tolerance in Thousandths of an In. 





6 7 8 9 10 12 14 16 18 20 


-.0.500-1.000 
] _1.000-2. 2 000 

] 2.000-3.000 
1.000-4.000 
Wy 000-5. 000 


5.000-6.000 


Over Fine 
6 in. e 
add 


0.003 in. 
0.004 in. 





and lineal dimensions 


>) on straight draw, uniform 
No allowance for draft.|^ 


0.007 in. 





]rical 
ldings. 





Injection molded 


Plus or — To ler m in Thousandths of an fin. 
Dimension E i[ 2] 141516171819] 10 12 14 
: -L-4TL4-4-—- I: 
Single Cavity | T [E] - 
Height | Fi iS] d | | 

| 0.000-1.000 in. | 
Multiple 
Cavities 
Height 

[0.000-1. .000 in. 
0.002 in. per in. 

5 Se ction Thickness “to be held constant +0.001 in. 


+These tolerances do not apply to screw threads, location of inserts or 
warpage F fine S= standard C coarse 

























These data were gathered from industry 
and correlated by the Technical Com- 
mittee of the Society of the Plastics In- 
dustry. Additional copies of the report 
are available through the Society of 
the Plastics Industry, New York. 













Table XVIII — Ethyl Cellulose, Medium Flow; 


Plus or Minus Tolerance in Thousandths of an In 

12345 678 9 10 12 14 16 18 20 
_0.000-0.500 | — | [| | | | 
0.500-1.000 —— — FA 
1.000-2.000 | — | XV NE TN dai en Fo E 

iN ri 

— € e II 

Losssdisb ALLE DE 


2.000-3.000 
1. 
LIII NNLON 


3.000-4.000 

4.000-5.000 
0.0025 in. 
0.0045 in. 


5.000-6.000 
0.007 in, 





Drawin 
Code 

























te deg. 
1 deg. 


1 deg. 





Dimensions 






Cylindrical and lineal dimensions 


(A,B,C) on straight draw, unifo 
moldings, No allowance for draft. 


Injection molded 








Plus or Minus Tolerance in Thousandths of an In. 


[ ife[s[4[e e[v[ [o] 10] 12] T 20 
Single Cavity 
Height F S e 
0.000-1.000 in. 
Multiple 
Height 
0.000-1.000 in. 
| E | Section Thickness to be held constant +0.001 in, - 
tThese tolerances do not apply to screw threads, location of inserts or 


Cavities 
| D | Added Height 0.002 in. per in. 
warpage. F=fine S-standard C — coarse 


















Table XIX — Methyl Methacrylate, General Purposet 


Drawing t ] Plus or Minus Tolerance in Thousandths of ar of an In. 
Code Dimension 1 2 3 4 5 6 7 8 9 10 12 14 16 18 — 
000-050 | |i] Tt itt fy 

0.500-1.000 — 


1.000-2.000 


2.000-3.000 | | JN V 
_3.000-4.000 
.4.000-5.000 
5.000-6.000 
Over | Fine 
6 in. 


add | Std. 


0.002 in. 
0.004 in. 
per in| Coars 0.006 in. 





and lineal dimensions 


I( A,B,C) on straight draw, unifo 
No allowance for draft. 


Fine 4 deg. 
Std, ‘2 deg. 
C 


oarse I deg 





niection molded 


Dimensions 


v 
© 
n 
L 
- 





ICylindrical! 
moldings. 


Plus or Minus Tolerance in Thousandths of an In 


Dimension rl ett i" 12 16118 18] 20 
Single Cavity 
Height 
0.000-1.000 in. 
Multiple TAT 
Cavities 
Height | 
in. liL 


0.000-1.000 
LEES Height 0.002 in. per in... . h—^- —— 
Section Thickness to be held constant — tant +0.001 in. 001 in. 
+The se pm rances do not apply t to screw threads, location of insert 
warpage. F fine S= standard C = coarse 


Table XX — Polystyrene, Unplasticizedt 


Drawin Plus or Minus Tolerance in Thousandths of an In. 
Code Dimension PEZ a Ba- 8 9 10 12 14. 16 ‘18 20_ 


0.000-0.500 
0.500-1.000 
1.000-2.000 
2.000-3.000 
_3.000-4.000 
_4.000-5.000 
5.000-6.000 








0.002 in 
0.004 in. 
0.0065 in. 
15 deg. 
1 deg. 
1% deg. 
pum or Minus Tolerance in Thousandths of a 


Loin Ti] 27374] 5 [6] 7] 8] 9] 0] 12] 14] 16] 18] 20° 


Single Cavity | 
Height | 
0.000-1.000 in. | 
Multiple | 
Cavities 
Height 
0.000-1.000 in. 


(A,B,C) on straight draw, uniform 
moldings, No allowance for draft. 


Dimensions 





Cylindrical and lineal dimensions 


Injection molded 


= 
— 





| D [Added Height 0.0015 in. per in. 


Lo Section Thickness to be held constant +0.001 in. 


tThese tolerances do not apply to screw threads, location of inserts c 


warpage. F=fine S=standard C = coarse 


or 
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